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OLD FIRE HYDRANTS 


STILL DOING 24-HOUR DUTY 


IN CAMDEN, N.J. 


The Camden, N.J., Water Department was formed in 1845, when James K. Polk was president. A small building 
was erected at the foot of Cooper Street to house the pumping station. Water mains were installed and approxi- 
mately 15 years later, R. D. Wood Hydrants were tied in. Since those days Camden has grown from a community 
of 6500 people to a modern industrial city of 125,000. All utilities have been changed beyond recognition . . . 
except for a number of the original R. D. Wood Hydrants that are still in service. Conditions have changed, but 
the reliability built into those hydrants makes them just as effective now as they were over 100 years ago. 

Like all R. D. Wood Hydrants, the oldtimers are of simple but sound construction; their operation cannot be 
impaired by foul weather, snow, sleet, ice or silt. Apart from the hazard of being in the path of a truck out of 
control or the possibility of street relocations, there is no foreseeable trouble ahead for them for many more 
years, There has never been better fire protection for any community than R. D. Wood Hydrants. 


Conform to A.W.W.A. specifications 


R. D. WOOD COMPANY 
FLORENCE, NEW JERSEY 


Established in 1803 
Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) 
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LOCK JOINT PIPE PLANT 


& 


MOST DEPENDABLE 
MOST ECONOMICAL 


FOR ville 


LONG 


When a city must go 100 miles for a sufficient supply of potable water, authorities demand 
a reliable medium for its transmission to the community. That’s why Oklahoma City 
selected LOCK JOINT PRESTRESSED CONCRETE EMBEDDED CYLINDER PIPE 
to carry its vital suppiy of pure water from Atoka Reservoir to the state’s capital. 

The long life, permanent high carrying capacity and negligible maintenance inherent in 
Lock Joint Concrete Pressure Pipe make it ideal for the construction of this 60” aqueduct 
—the longest continuous water line ever built in the United States. 

Economically, Lock Joint Pipe is also ideal. In addition to long term savings effected in 
low pumping costs and minimum maintenance, the production of the pipe locally at Ada 
will plow back more than $6,000,000 into the economy of the area through the use of local 
labor, services and materials. 


LOCK JOINT PIPE CO. 


Established 1905 
P.O. BOX 269, EAST ORANGE, N. J. 


Member of The American Concrete Pipe Association and The American Concrete Pressure Pipe Association 
CONCRETE PRESSURE, SEWER, CULVERT & SUBAQUEOUS PIPE © PLASTIC PIPE AND PROTECTIVE COATINGS 
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HI-PRESSURE SEAT LO-PRESSURE SEAT 


Unique bonding process actually marries rubber seat to body 

. for life of valve . . . impossible to rust or erode away... 
easily removable if necessary. Bond completely immobilizes 
rubber . . . prevents bulging . . . eliminates corrosion due to 
moisture under liner. Seven-year B-I-F Butterfly Valve per- 
formance record is proof. Valves constructed to rigid AWWA 
Specifications . . . suitable for either high or low pressure 
applications. 


FREE! Find out about the advantages 
of performance-proved, modern valve 
seating. 12-page brochure gives com- 
plete details. Write B-I-F Industries, 
365 Harris Ave., Providence 1, R.1. 


Industries 


A DIVISION OF THE NEW YORK AIR BRAKE COMPANY 


METERS ¢ FEEDERS « CONTROLS / CONTINUOUS PROCESS ENGINEERING 


ie 
THE INSIDE STORY ON 3-I-F BUTTERFLY VALVES 
PERFORMANCE! 
\7 
RY 
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COMING MEETINGS 


Vol. 53, No. 11 


Plan now for 
AWWA ANNUAL CONFERENCE 
Philadelphia, Pa. 


June 17-22, 1962 


AWWA SECTIONS 
Fall 1961 


Nov. 13-15—North Carolina Sec- 
tion at George Vanderbilt Hotel, Ashe- 
ville. Secretary, T. Z. Osborne, Asst. 
Director of Public Works, Box W-2, 


Greensboro. 


Spring 1962 


Jan. 23—New York Section, Lunch- 
eon Meeting at Statler-Hilton Hotel, 
New York, N. Y. Secretary, Kimball 
Blanchard, Neptune Meter Co., 2222 
Jackson Ave., Long Island City. 


Feb. 7-9—Indiana Section, at Sher- 
aton-Lincoln Hotel, Indianapolis. Sec- 
retary, Chester H. Canham, State 
Board of Health, 1330 W. Michigan 
St., Indianapolis 7. 


Mar. 15—-New [England Section, at 
Statler Hotel, Boston, Mass. 
tary, Ralph M. Soule, San. Engr., 
State Dept. of Public Health, 511 
State House, Boston, Mass. 


Secre 


Mar. 28-30—Illinois 
Sheraton-Towers Hotel, Chicago. 
retary, Dewey W. Johnson, Research 
Iron Pipe Research 
Plaza, Chi- 


Section, at 
Sec- 


engineer, Cast 
3440 Prudential 


Assn., 
cago 1, 


5-7—Montana Section at 
Bozeman. Secretary, A. W. Clarkson, 
Div. of Environmental Sanitation, 
State Board of Health, Helena. 


Apr. 


Apr. 11-12—New York Section, at 
Manger DeWitt Clinton Hotel, Al- 
bany. Secretary, Kimball Blanchard, 
Neptune Meter Co., 2222 Jackson 
Ave., Long Isiand City. 


Apr. 12-13—West Virginia Section, 
at Hotel Morgan, Morgantown. Sec- 
retary, Thomas J. Blair III, Kelley, 
Gidley, Staub, Inc., 5418 Mac Corkle 
Ave., S.W., Charleston. 


Apr. 15-18—-Southeastern Section, 
at Wanderer Resort Motel, Jekyll Is- 
land, Ga. Secretary, N. M. deJarnette, 
Robert & Co. Assocs., 96 Poplar St., 
N.W., Atlanta, Ga. 


(Continued on page 8) 
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IOWA Valves and Hydrants 
by the carload to meet San Jose 
Water Works’ growing requirements 


Glimpse of new subdivisi of San Jose, 


Catifornia. City has grown from 95,280 to 
202,571 in past ten years. 


Uniteading scene as IOWA hydrants are 
Gelivered by the carioad to San Jose 
Water Works. 


Two tOWA gate vaives and a new hydrant 
being installed. Hundreds of these iowa » 
products are important components of 
San Jose's modern system. 


Carloads of 1owa gate valves and hydrants were 
purchased by the San Jose Water Works (an 
investor-owned, private company established in 
1866) for installation in their rapidly expanding 
system which serves seven cities and unincor- 
porated areas in Santa Clara County, California. 

Over 17,000 new water service connections 
were made in the last two years along 1200 miles 
of water mains to help care for a metropolitan 
population (Approx. 306,000) which has doubled 
since 1950. 


Iowa products were selected to be a part of 
the San Jose Water Works’ growth because of 
their proved dependability with minimum main- 
tenance and assurance of long-life performance. 

Every year more and more 10wWA valves and 
hydrants are installed to serve the needs of 
growing communities like San Jose. Experience 
shows that 1owa products have that extra qual- 
ity of materials, that extra-precise fitting and 
assembly that makes for longer life and easier 
maintenance. 


Let us send you details on the complete IOWA line 


IOWA VALVE COMP 


Oskaloosa, lowa 


Subsidiary 


Subsidiary of James B. Clow & Sons, Inc. 
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Coming Meetings 


Toronto, Ont. 


sen Hotel, Wichita. 


Village. 


Mich. 


York, N.Y. 


Chemical Industries, 
York, N.Y. 


Apr. 24-26—Nebraska Section. 
Secretary, Charles W. Durham, Cons. 
Engr., Henningson, Durham & Rich- 
ardson, 2963 Harney, Omaha. 


Apr. 27—California Section, at Ah. 
wahnee Hotel, Yosemite Valley. Sec 
retary, Frank F. Watters, Hydr. Engr., 
Public Utils. Com., State Bldg., Civic 
Center, San Francisco. 


Apr. 29-May 3—Canadian Section, 
at Royal York, Toronto, Ont. Secre- 
tary, A. E. Berry, 72 Grenville St., 


May 2-4—Kansas Section, at Las- 


Secretary, F. 


Harry McBride, Sales Engr., B-I-F 
Industries, 2108 W. 75th St., Prairie 


May 3-5—Arizona Section, at Pio- 
neer Hotel, Tucson. Secretary, A. D. 
Cox Jr., Secy. & Comptroller, Arizona 
Water Co., Box 5347, Phoenix. 


May 30-June 2—Pacific Northwest 
Section, at Olympic Hotel, Seattle, 
Wash. Secretary, Fred D. Jones, W. 
2108 Maxwell Ave., Spokane, Wash. 
OTHER ORGANIZATIONS 


Nov. 13-17—APHA, Cobo Hall, Detroit. 


Nov. 26-Dec. 1—ASME Winter Annual 
Meeting, Statler-Hilton Hotel, New 


Nov. 27-Dec. 1.—28th Exposition of 


Coliseum, New 


(Continued from page 6) 


SHORT COURSES 


Noy. 13-17—Training course on “Radio- 


nuclides in Water,” R. A. Taft Sani- 
tary Engineering Center, Cincinnati, 
Ohio. Write: Chief, Training Pro- 
gram, 4676 Columbia Pkwy., Cincin- 
nati 26, Ohio (or to USPHS regional 
office). 


Dec. 4-15—Training course on “Chemi- 


cal Analyses for Water Quality,” R. A. 
Taft Sanitary Engineering Center, 
Cincinnati, Ohio. Write: Chief, 
Training Program, 4676 Columbia 
Pkwy., Cincinnati 26, Ohio (or to 
USPHS regional office). 


1962 


Feb. 5-9—Training course in “Recent 


Developments in Water Bacteriology,” 
R. A. Taft Sanitary Engineering Cen- 
ter, Cincinnati. Write: Chief, Train- 
ing Program, 4676 Columbia Pkwy., 
Cincinnati 26, Ohio (or to USPHS 


regional office). 


Feb. 13-14—“Water Distribution Sys- 


tems,” the 4th Sanitary Engineering 
Conference, Urbana, IIl., cosponsored 
by the Illinois Dept. of Public Health 
and the Dept. of Civil Engineering, 
Univ. of Illinois. Write: C. W. Klas- 
sen, Chief San. Engr., Dept. of Public 
Health, Springfield, Ill. 


Feb. 27-28 Underground corrosion short 


course, at Purdue University, Lafa 
yette, Ind., cosponsored by the Indiana 
Section, AWWA. Write: Ray C. 
Andrew, Conference Coordinator, Div. 
of Adult Education, Purdue Univer- 
sity, Lafayette, Ind. 
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CONTROLLER 
INSPECTION COVER 


OUTLET 
ELBOW 


ACTUATOR 


FACTORY. 
INSTALLED 
PIPING 


FL OW SAFE FEATURE 


How to control it economically with 
this simple, modern “box on a pipe.” 


This is the Modulair Type “P” rate-of-flow space and cost savings of the “P” controller. 
controller, for your filter effluent piping. Compare them with your present method 
You install it almost as easily as a piece of flow control. No obligation. 
of pipe, and its design is so utterly simple : , 
that you have almost no maintenance cost. 
In fact, the minute you put this venturi- 
actuated, fully pneumatic controller to 
work, you get these new savings: 
1. No valve operator 
2. No water supply 
3. No hydraulic valves 
. No drive gears and linkage 
. No “spaghetti” of complicated piping 
i. No pilot valve or valve shaft 
‘ No leaky packing gland Note how Modulair ‘‘P’’ flow controller requires 
. No floor drain very little space in filter effluent line. 


9. Almost no maintenance . 

You save space, too, because the “P” 4 i rt p LEX 

controller has the shortest laying length of 

any, in addition to being entirely preassem- 

bled, with all working parts enclosed. a division of PFAUDLER PERMUTIT INC, 
Send for our Bulletin 951, for details on Lancaster, Pennsylvania 


INLET 
ELBOW 
| 
S) 
AIR FAIL 
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Tapping Steel Water Pipe 
With Unique New Outlet 


* For wet or dry installations * Requires no welding ® Eliminates tapping saddles. 
Fast, permanent service connections can now be made to steel water pipe— 
cement-mortar lined and coated or wrapped. Requires no welding or costly 
installation equipment*...eliminates conventional tapping-saddles. In three easy 
steps an operator can install trouble-free, watertight |” and 112” taps in new 
or existing systems. Southern Pipe’s new SNAP-TAP outlet, constructed of copper 
and featuring a resilient phenolic bushing, assures a positive, watertight seal for 
working pressures up to 250 Ibs. Phenolic bushing moisture-seals all steel exposed 
by drilling of pipe; epoxy applied around installed outlet protects permanently 
against external elements. Perfected by Southern Pipe through 5 years of research 
and testing, this new SNAP-TAP_ outlet provides vibration- and corrosion-proof 
outlets that help you obtain and utilize the capacity designed into your distribu- 
tion systems. 

‘Southern Pipe will make available all necessary wet or dry-tapping equipment. 
Wet taps can be installed with any standard pressure-tapping equipment, with an 
adapter supplied by Southern Pipe. 


3? Steps to Fast, Simple Reliable Service Connections 


Drill steel pipe and cement Install sNaP-TaP Outlet —Out- 
let installation tool is locked 
into position on the base after 
removing the drill assembly 


Remove cement-mortar coating 
or asphalt wrap —Cut through lining — Drill assembly is inter- 
cement coating with shell cutter changeable with shell cutter on 


to expose steel pipe the same base 


s 
Call your Southern Pipe vwsi Southern Pipe 


Sales Engineer for all the DIVISION OF U.S. INDUSTRIES, iNC 


details 
- P. O. Box C Azusa, California CUmberiand 3-7111/EDgewood 7-1221 
HAWAII, P.O. Box 1037, Waipahu, Oahu Telephone 285-757 
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New Miral pure white alum is the product of a dramatic new process for producing aluminum sulfate, developed through 
the Chemical Division of The North America Coal Corporation. @ This remarkable new, pure white alum will meet the most 
rigid requirements, and then some. And it is competitively priced with other alums. m As a new supplier of high quality 
alum for water and waste treatment, we are now offering Miral white alum in bags or bulk, or as liquid alum in tank trucks 


we'll be glad to send a sample and answer your inquiry. Offices: 
12800 Shaker Bivd., Cieveland 20, Ohio. Plant: Powhatan Point, O. 


or tank cars, with rapid and reliable delivery assured. @ If you would 
like to know more about new Miral pure white alum, just write — 
| miral alum 


Chemical Division 
THE NORTH AMERICAN COAL CORPORATION 


You Nave never seen commercial aium like this 
2 
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DeZURIK 


....... OPERATED BY HAND OR BY INSTRUMENT 


DeZURIK VALVES OPERATE EASIEST! 


IT’S BEEN PROVED thousands of times—your own test will 
prove it—DeZurik Eccentric-Action Valves are the EASY-ACT- 
ING, FAST-ACTION Valves. 

ONE BIG REASON: A short quarter-turn from wide-open to 
dead-shut, with fine throttling in between. ANOTHER REA- 
SON: No friction; the eccentric plug moves on non-corrosive 
bushings with no other body contact. No rub, no blind . . . ever! 
And no lubrication, no fussy care—the free-and-easy action is 
built in and stays in. 

CONTROL VALVES? A complete line, superior in capacity, 
rangeability, positioning, shut-off. Sizes to 30”, every one easy, 
smooth, fast in operation. ASK FOR CATALOG. 


Corporation 
Sartell, Minnesota 
DeZURIK OF CANADA, LTD. Galt, Ontario 
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Chlorination, right down the line. Dry, easy- 
to-use HTH Tablets—the modern way to chlorinate new 
mains . . . kill bacteria, algae and fungi fast. They re- 
lease dependable, highly effective chlorine quickly . . . 
dissolve slowly to last longer. Economical, too—one tab- 
let sanitizes many feet of pipe. HTH Tablets protect 
reservoirs, wells and filtration equipment, too. Come in 
convenient cans, pails and drums. Write for literature: 


Olin Mathieson, Baltimore 3, Maryland. 


Here's to Health... H TH 
Gaye 


CHEMICALS DIVISION 
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Ideally suited for 
office buildings, 
“hospitals, apartmen 
houses and school 


Compound Meter (mobdet cT—SINGLE BRONZE CASE) 


One of these registers measures low rates of flow. The 

other measures high rates of flow. They combine in the 2 : 
Hersey Compound Meter to give you accurate measure- Hers ey Sparling 
ment of a wider range of flows than can be recorded by Meter Company 

any single register. Bronze case: 2’, 3”, 4’, 6” sizes. Iron 

Cases: 8’, 10" sizes. DEDHAM, MASSACHUSETTS 


Branches: Atlanta, Boston, Chicago, Cleveland, Dallas, Denver, Kansas City, Mo., Los Angeles, New York, Philadeiphia, Portland, Ore., San Francisco, Seattle, 
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When a pipe breaks — 


MINIMIZE 
SERVICE 
SHUTDOWN TIME 


— installation as short 
as 6 minutes! 


In the customer’s mind, every service interruption is an emergency. 
You recognize this. Smith-Blair knows it, too, and has developed and 
field-tested products engineered for permanency and applied with 
minimum service interruption (Under some conditions, with no in- 
terruption at all!) 


For example, Smith-Blair 
Fast-Action Clamp Couplings. 


These heavy-duty, malleable iron coup- 
lings reconnect broken cast iron or asbes- 
tos-cement pipe in as little as 6 minutes installation time. With a high 
margin of safety, these couplings insure a full 74 inch length of 360° 
closure on pipe. Featured are Smith-Blair’s finely gridded gaskets and 
mold-tapered gasket ends and Smith-Blair’s exclusive recessed armor. 
Such features assure uniform pressure seal over 360°. Smith-Blair 
Bulletin 1254, describing the Fast-Action Clamp Coupling together 
with price list, will be mailed to you, on request. 


Smith-Blair, Inc. 
535 Railroad Avenue, South San Francisco, Calif. 
W. Newton Rd., Greensburg, Pa. 

5635 E. Imperial Hwy., South Gate, Calif. 

300 Waco St., Texarkana, Texas 


— suppliers in all principal cities. 
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a snap 
to tap... 

concrete 
pressure 


pipe 


LARGE 
OR SMALL 


Thousands upon thousands of 

permanent pressure taps made in concrete 
pressure pipe demonstrate conclusively 
the ease and efficiency with which this type 
of pipe may be tapped for small 

service connections or larger outlets. 


Taps from 5%” to 42” have been made 
under pressure in pipes varying in 
diameter from 10” to 150”, without damage 
to the pipe’s structure or interruption 

of service. Tapping is accomplished with 
conventional and commercially 

available equipment. 


The fine safety record of this tapping 
operation and the equally high 

safety record of the pipe itself, makes 
CONCRETE PRESSURE PIPE the ideal medium 
for distribution mains, particularly 

in congested areas where pipe failure 

is synonymous with disaster. 


You can always depend on 
CONCRETE PRESSURE PIPE. 


WATER FOR GENERATIONS TO COME 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street, Chicago 1, Illinois 
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C/ outstanding 
service! 


Inertol® coatings protect Hayden Bridge Plant, Eugene, Ore. 


RAMUC® MILDEW-RESISTANT ENAMEL, applied ten years ago, still guards 250- 
foot-long tunnel connecting head-house with pumping section. Flanked on either 
side by one million gallons of cold water in twin reservoirs, the warmer tunnel is 


subjected to heavy condensation and dripping. The front of the main building 
was painted with Ramuc Masonry Paint ten years ago. The concrete and steel 
filter beds in the rear of the plant are painted with Torex® Enamel every five 
years on a routine maintenance painting program. These are but a few of the 
many areas of this plant protected with long-lived Inertol coatings. 


PACIFIC NORTHWEST'S LARGEST MUNIC- 
IPAL WATER PLANT, the 37.5 MGD 
Hayden Bridge installation serves over 
60,000 persons in the fast-growing 
Eugene metropolitan area. 

Inertol coatings, specified for this plant 
by consulting engineers Stevens & 
Thompson, Portland, safeguard surfaces 
against condensation, mildew, abrasion, 
submersion and weather. 


SPECIFICATIONS FOR RAMUC MILDEW- 
RESISTANT ENAMEL. A glossy, mildew- 
resistant, chlorinated natural rubber- 
base coating, in color, for nonsubmerged 
concrete, steel and indoor wood surfaces. 


Concrete Surfaces: Colors: color chart 
560. No. of coats: one coat Ramuc Mil- 
dew-Resistant Enamel over two coats 
Ramuc Mildew-Resistant Undercoater. 


Write for specifications for steel sur- 
faces and for Ramuc Floor Enamel 
Specifications. 


For fiat finish, two coats Ramuc Mildew- 
Resistant Flat to bare masonry—omit 
Undercoater. Coverage: 250 sq. ft. per 
gal. per coat. Approximate mil thickness 
per coat: 1.2. Drying Time: 24 hours. 
Primer: Ramuc Mildew-Resistant Un- 
dercoater (2 coats). Thinners: Inertol 
Thinner 2000-A for brushing; 2000 for 
spraying. Application: Brushing: Ramuc 
Mildew-Resistant Enamel—brush type, 
as furnished. Spraying: Ramuc Mildew- 
Resistant Enamel—spray type, add suffi- 
cient Thinner 2000 for proper atomization. 


Buy Inertol paints direct from the manu- 
facturer. Shipment within three days 
from our plant, or from warehouse stocks 
in your area. Write today for free “Prin- 
cipal Types of Protective Coatings,” a 
short course in practical paint technol- 
ogy. Ask for WW-754. 


® Ask about Rustarmor,® Inertol Com- 
pany’s hygroscopically controlled 
rust-neutralizing paint. 


INERTOL CO., INC. 


484 Frelinghuysen Ave., Newark 12, N. J. * 27-G South Park, San Francisco 7, Calif. 
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BRINE FILTRATION 


Whichever filter medium you select—sand, gravel or 
anthracite, undissolved crystals of rock salt—this 
much is clear: dissolver design and regeneration 
expenses are bound to be affected. For example: 
Provision should be made for periodically removing 
the accumulated insolubles from the filter bed. 
Design of filters should incorporate the 

necessary cleanout facilities. And a brine-filtration 
setup that performs well with one type of salt 

may be inadequate with another. 


The growing amounts of brine in use in today’s 
large-capacity watcr softening installations 
complicate filtration problems. That's why treatment 
plant designers and builders are turning more 
frequently to International Salt Company. With 

over 50 years of experience and continuing 

research in all phases of salt handiing and brine 
production, International can suggest many new 
and practical ideas in connection with salt purchas2, 


storage and dissolving for regenerating ion exchangers. 


There is no charge for this service. 


Service and research are the 
extras in STERLING SALT 


How it can affect design of 
water softening installations 


INTERNATIONAL SALT COMPANY, CLARKS SUMMIT, PA. © Sales Offices: Boston, Mass. ¢ Buffalo, N. Y. 
Charlotte, N. C. ¢ Chicago, Ill. ¢ Cincinnati, 0. ¢ Detroit, Mich. ¢ Newark, N. J. ¢ New Orleans, La. 
New York, N. Y. © Philadelphia, Pa. ¢ Pittsburgh, Pa. « St. Louis, Mo. 
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In a recent survey, ten times as many contractors claimed 
more difficulty (breakage during installation) with composi- 
with cast iron pipe. 


DO YOU KNOW that the cost of replacing or repairing a broken pipe line 
can amount to many times the original cost of the pipe? Inconvenience 
to residents and merchants can also be costly. Initial pipe costs don’t tell 
the whole story. Why gamble? Install time-tested cast iron pipe with 
“built-in” safety factors. 


DO YOU KNOW that where elec- 
trical thawing of mains and 
services is necessary, AMERI- 
CAN Fastite pipe can be in- 
stalled with a specially designed 
and patented conductive gas- 
ket? This remains effective 
regardless of expansion, con- 
traction or future movement of 
the joint. 
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DO YOU KNOW that $4.50 in- 
vested in Otis Elevator stock 
in 1932 would now be worth 
approximately $89.00? An- 
other sure long-term invest- 
ment is dependable cast iron 
pipe. Utilities in 96 cities 
throughout the United States 
have cast iron pipe mains 
which have been in service 
for over 100 years. 


DO YOU KNOW that over a 
million pounds of AMERI- 
CAN pipe and fittings in the 
modern sewage treatment 
plant at South Bend, Indiana, 
helped this city to solve a 
serious river pollution prob- 
m lem? AMERICAN offers a 
complete line of piping to 
meet water, sewage treat- 
ment and industrial plant 
service. 


AMERICAN CAST IRON PIPE COMPANY 
BIRMINGHAM ALABAMA 
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Bitumastic No. 70-B Enamel Chosen Again 
After 23-Year Perfect Service Record 


Over 23 years ago, the City of Birming- 
ham, Alabama chose steel pipe lined and 
coated with Bitumastic® No. 70-B AWWA 
Enamel for use in unusually difficult serv- 
ice conditions: the coated pipe had to 
withstand severe soil subsidence and a high 
degree of soil acidity. After 23 years of 
service on this earlier pipeline, Birming- 
ham’s Industrial Water Board specified 
this Koppers coal-tar coating once more 
for protection of its newest water service 
installation—a 60-inch steel line that will 
supply the city with an additional 75 mil- 
lion gallons of water per day. 

Bitumastic Jet Set, the Koppers fast- 
drying primer, was applied to the 40-foot 
Steel pipe lengths, and each section was 
then given a shop coating of Bitumastic 
No. 70-B Enamel on the interior and ex- 
terior walls. Pacific Pipeline Construction 


Company, of Montebello, California, sub- 
contractors to Morrison-Knudsen Co., 
prime contractors, performed this coating 
operation. Koppers Contract Department 
completed the joint coating work in the 
field. 

The family of Bitumastic coatings has 
built many performance records of this 
type in unusually difficult service condi- 
tions. For further information, write: 
Koppers Company, Inc., Tar Products 
Division, Pittsburgh 19, Pa. 


KOPPERS 


COATINGS AND ENAMELS 
another fine product of COAL TAR 
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Dresser “360° repairs steel, cast iron or A-C Drop-in bolts mean fast. easy assembly, no The ‘360" holds pipe bottie-tight, even when 
pipe. One-side wrenching lets bolts be tight loose parts. Simply spring clamp around pipe defiected as much as 5°. Also, it is not troubled 
ened from easiest position drop in bolt heads and tighten nuts by misz ignment up to Ve” 


Nothing beats the speed and ease of repairs with the Dresser ‘‘360"' All- 


Around Repair Clamp! With its drop-in bolts, there's no nut removal, no 
loose parts in the ditch...one set of lugs means bolting where it’s easy. 
The gasket—a thick, smooth, butt-joined blanket has 65% more rubber am (>) 


for absolute sealing. Doesn't wrinkle. The Dresser ‘360°’ provides °s” 
adjustment—fits more pipe sizes, means fewer clamps to stock. For 
details on the ‘‘360"’, or any of THE DRESSER LINE for coupling or SER 


RESS SER 


repairing pipe — write us, or call your nearest Dresser Distributor. BRADFORD, PENNSYLVANIA 


DRESSER 
INDUSTRIES, 
INC. 


OIL GAS 
CHEMICAL 
ELECTRONIC 
INDUSTRIAL 
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Double the clear water capacity at half the 
installed cost with Celite Filtration 


Because diatomite filtration systems using Celite® filter aids require one-fourth 
the housing space of equivalent-capacity sand systems, real estate and construc- 
tion costs are drastically reduced. These savings, combined with the low initial 
price of a diatomite unit, permit the construction of new water filtering plants at 
one-half the cost. 

Celite is the most efficient and economical filter aid available. It removes all 
suspended solids—including amoebae, floc and algae—while maintaining maxi- 
mum flow rates. And, this clearer, brighter water is produced at a lower cost 
because a compact, semi-automatic diatomite system is easily operated and main- 
tained by regular municipal water personnel. 

For full information write: Johns-Manville, Box 325, New York 16, N. Y. In 
Canada: Port Credit, Ontario. Cable address: Johnmanvil. 


JOHNS-MANVILLE 
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Why Did Washington 
Recross the Delaware? 


in 1776, General George Washington and his army crossed South Atlantic States 


the Delaware river twice. The first time he was in retreat Delaware 
from British victories in New York. The second time was on Maryland 
the night of Christmas Day when he surprised and defeated District of Columbia 
the British at Trenton and Princeton, N. J. This turn of the Virginia 
tide of war heartened all American colonists, brought re- West Virginia 
cruits flocking to join the American army and encouraged North Carolina 
foreign sympathizers. South Carolina 
Today, Britain is our ally, but there are other nations Georgia 
which are not. Imagine what an atomic war might do to the Florida 
great cities of these thickly populated South Atlantic states, 
where in 1607 the “English speaking race cast first root over- 
seas and the United States began.” 
In these 8 states and the District of Columbia there are 
100 water works, each serving 25,000 or more customers. 
Authorities rate 51 of them as adequate in facilities, 14 as 
doubtful and 35 as deficient! 
America’s peacetime shortage of water distribution facili- 
ties is a serious threat to a rapidly growing economy. But a 
wartime shortage of water distribution facilities could be 
fatal to the Nation’s existence. As General Washington 
turned the tide of war, so must we do now in regard to water 
distribution facilities. 


VALVE 
FITTINGS COMPAN 


ANNISTON, ALABAMA 


M4 Roll-call for water 
: 
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Rugged pipe 
installs easily 


—even in 
a soggy bed 


This 30” cast iron pipe was installed 
for expansion of a water system in 
Memphis, Tennessee. 

Despite heavy rains, the pipe went 
right to bed in wet trenches. Upon 
completion, the mains were tested at 
150 psi for 12 hours and were found to 
be bottle-tight. 

Cement-lined cast iron pipe prevents 
pipe-clogging . . . always delivers a full 
flow of water. Bottle-tight joints are 
tight enough to resist hundreds of 
pounds of pressure per square inch... 
yet flexible enough to permit deflection 
both during and after installation. 

Rarely requiring repair or replace- 
ment, cast iron pipe performs effi- 
ciently, day after day, for over a cen- 
tury. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Piaza, Chicago 1, lilinois 


e 


THE MARK OF THE 100-YEAR PIPE 


q@|CAST IRON PIPE 
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for ast, 
eas 
service 
connections! ¢ 


Only with 
MUELLER Power Operated Tapping Machines, 
MUELLER Combined Drill and Tap Tools and 
VELLER Corporation Stops can you be assured 
ota dependabie, leakproot service connection. 


Write for complete information and specifications. 


MUELLER CO. DECATUR, ILL. 
Factories at: Decotur, Chattanooga, Los Angeles Canada: Mueller, Limited, Sania, Ontorie 
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USE NORTHERN GRAVEL 


for 


RAPID SAND FILTER 


FILTER SAND SPECIFICATIONS are 


carefully laid out. The Effective Sizes and Uniformity Coefficients 
used by Consulting Engineers and also recommended by the Ameri- 
can Water Works Association are the result of long years of research 
and experience. 


The Northern Gravel Company is equipped to give you prompt 
shipment whether it be one bag or many carloads, exact to specifi- 
cation. Filter sand can be furnished with any effective size be- 
tween .35 MM and 1.20 MM. 


CH EMICAL QUALITY of the filter sand is also im- 


portant. It must be hard, not smooth and free of soluble particles. 
This requires perfect washing, and grading facilities. We have every 
modern device for washing, drying, screening and testing. 


co LTER GRAVEL supporting the Filter Sand Bed must 


be, in turn, properly graded to sizes calculated to support the Filter 
Sand, and be relatively hard, round and resistant to solution. 


The new Northeast Station in the City of Detroit, recently com- 
pleted, is one of the major projects included in the water depart- 
ment’s expansion program. The Northern Gravel Company fur- 
nished 120 carloads of filtering materials for the 48 rapid sand 
filters incorporated in this plant. 


Northern Gravel has no equal in facilities and our reserves of both 
sand and gravel are inexhaustible. Northern Gravel Company has 
been in business over 47 years. We guarantee uniformity of products 
and our records enable us to duplicate your requirements on short 
notice. Our location is central and we have commodity rates in 
every direction. 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
P.O. Box 307 Phone: Amherst 3-2711 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 
better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow's expansion without 
capital expenditure today! We can prove that Netional 
cleaning is an investment —not an expense. 


Write us today! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street ° New York, NY. 
EASTERN SALES REPRESENTATIVE FOR PIPE LININGS, INC. 


333 Candler Building, Atlanta 3, Georgia; 920 Grayson re Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Ill.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El ‘Monte, Calif.; 315 N. Crescent St., 

Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bldg., Minneapolis 1, Minn.; 510 Standard Oil Bidg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; $02 West 3rd South, Salt ‘Lake City ‘10, Utah; 204 Slayton St., 

Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Montreal, Canada; 576 "Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan ‘10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru, 
30, Oslo, Norway 
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“T oughta wring that pump salesman’s neck!” 


“They’re shipping next week, he says . . . but I’ve 
. 
heard for = my s ALLIS-CHALMERS 
a ‘special’, ut e oug ta know how long it ta es DELIVERS ON TIME 
to build one. We've geared all our plans to his 
phoney promise, and now the Mayor’s raising the penalty clause contracts because we 
roof! After this, we'll stick with outfits who’ve know that in 99% of the cases we can 
t h ‘big- , to. deliver ti pp deliver. That 99% is an actual fact, 
f got enoug ig-pump savvy to deliver on time: based on many years of experience in 
The ability to deliver on time is another of the 
See §=6extra values you get when you deal with A-C. turing facilities to get pumps delivered 
Industrial Equipment Division, Allis-Chalmers, 
Milwaukee 1, Wisconsin. nape 
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MAIN TRANSMISSION LINE of 33” American Concrete Cylinder Pipe extends 33,000 feet 
northward toward Carlsbad, just below the horizon. Portions of well-collector 
lines radiate from one of seven automatic pumping stations (white spot in center). 


CREW PRECISELY ALIGNS 32-ft 
lengths of 24” American Concrete 
Cylinder Pipe before joining sections 
Installation of the 110,000 feet of 
gathering and transmission lines was 
completed substantially ahead 

of schedule 
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ACCP BRINGS ABUNDAN 
GOOD WATER TO CARLSBA 
FROM ANCIENT DESERT REE 


...OPENS WAY FOR 50 YEARS OF INDUSTRIAL GROW 


The City of Carlsbad, New Me 
has taken dramatic steps to meet 
challenge of today before it beco 
the problem of tomorrow, It 
now boast a water system that 
meet anticipated growth of indu 
and populace for the next fifty yq 
without need for enlargement. 
progressive city of 27,000 has wi 
invested $2,500,000 to bring 
quality water through a perma 
pipeline system from a 200,000, 
year-old sandstone reef locz 
seven miles away. Capitan 
accumulates an estimated 60, 
acre-feet of natural recharge ar 
ally...clean, relatively soft w 
that will encourage indust 


expansion. 


The new pipeline system was s 
fically planned for the future, 
14” to 36” American Concrete q 
inder Pipe specified for all gathe 
and transmission lines. Although 
signed for gravity flow up to 32, 
gpm, the 150 psi line can be f 
pressurized for substantially gre 
discharge whenever the Ci 
PIPE LAYING CRANE easily and 
quickly joins spigot end of 


acce with bell end of previously 
laid section. 


growth warrants. It will never cr 
a bottleneck in Carlsbad’s w 


supply program! 


In your plans for the future of your community, it will pay you to consult Ame 
Pipe and Construction Co., manufacturers of modern pipe for man’s most an 
problem: WATER. 3 AMERICAN CONCRETE CYLINDER 
AMERICAN PIPE AND CONSTRUCTION QC 


Los ANGELES * SAN DIEGO * HAYWARD * PORTLAND * BoGoTta, COLUM 

AMERICAN CONCRETE PIPE CO. + PHOENIX * ALBUQUERQUE 
Write P.O. Box 3428, Terminal Annex, Los Angeles 54, California 

A MEMBER OF THE AMERICAN CONCRETE PRESSURE PIPE ASSOCIAT 
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Adequacy in Water Utility Operations 


A Symposium 


A symposium presented on Jun. 5, 1961, at the Annual Conference, 


Detroit, Mich. 


Philadelphia, Pa. 


DEQUACY in water utility op- 
erations consists of having more 
service, facilities, planning, and other 
essentials than are necessary just to 
get by. To be fully adequate, a util- 
ity should be able to meet requirements 
under adverse conditions. For exam- 
ple, a pump station is adequate when 
it is able to meet the maximum de- 
mand with its largest unit out of 
service. 

This adequacy must be attained in 
all phases of operation. As one im- 
portant phase, a manager should be 
qualified to handle his water utility 
under emergency conditions in times 
of stress. He should also be able to 
resist political pressure. Consumer 
service should mean more than just 


Introduction—Gerald E. Arnold 
A paper presented by Gerald E. Arnold, Gen. Supt., Water Dept., 


1325 


proper pressure, quantity, and quality 
of water. It should include customer 
relations, reading, billing procedures, 
and some activities of public relations. 

Rates should comprehend not only 
the present needs of the utility, but 
some consideration for retirement and 
obsolescence. Plant facilities should 
include necessary plant capacity to 
meet demands under severe conditions 
or with a part of a plant out of service. 

Accounting practices should include 
the necessary statistical information to 
indicate to the manager the relative 
costs incurred by the units of his util- 
ity. With this information, he should 
be able to meet consumer demands for 
information regarding billing. Engi- 
neering records should be duplicated 
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for storage at remote places where 
they will not be lost in the event of 
fire or other emergency. 

Planning should take into account 
all features of future growth in the 
area, including changes in population, 


JACK A. MCCULLOUGH 
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living habits, and social customs. Pub- 
lic relations should be such as to give 
information needed to the public or 
the press, and to handle heavy de- 
mands for assistance in the event of 
emergency. 


——Managerial Qualifications—Jack A. McCullough 


A paper presented by Jack A. McCullough, Water Supt., Dept. of 
Public Utilities, Colorado Springs, Colo. 


To explain the qualifications for an 
adequate water utility manager, it is 
necessary to mention the problems 
with which he is required to cope. In 
1958, the US Business and Defense 
Services Administration estimated * 
that almost half of the 117,000,000 
people served by public water supplies 
could not be sure of having enough 
water available to put out a major fire 
on a hot summer day. It was also 


anticipated that by 1975, water use will 
increase from about 160 gpcd in 1958 
to 200 gpced 17 years hence, and that 
the public water supplies will be serv- 
ing not the 117,000,000 people of 


1958, but 149,000,000 people. To 
meet these demands, water utilities 
will need to construct new facilities 
worth about 20 billion dollars by 
1975. 

It is apparent that the water utility 
manager has his work cut out for him. 
It is equally apparent that he must 
be a competent, well qualified, experi- 
enced administrator. The committee 
report on compensation of managers ” 
supplies a great amount of information 
on the qualifications of a water utility 
manager. This report was based on a 
questionnaire sent to 1,998 water util- 
ity managers in the United States and 
Canada. About 52 per cent of the 
questionnaires were returned. All 


cities of 25,000 or more population 
were sent questionnaires. A random 
sampling of towns with less than 
25,000 people was accomplished by 
contacting 1,104 of the 16,637 towns 
in that class. 

The survey revealed that salaries of 
water utility managers are definitely 
low by present standards. Twenty- 
nine per cent of the respondents in 
the United States and 46 per cent of 
those in Canada received annual sala- 
ries of less than $3,500 per year. The 
average annual salary of all United 
States respondents, for managing a 
water utility, was $5,960; in Canada 
it was $4,380. Of the registered engi- 
neers who responded, 72 per cent were 
paid less than $9,000 per year for man- 
aging a water utility ; the median salary 
of registered engineers in the United 
States in 1958 was $10,000. A com- 
parison with their counterparts in gas 
and electric utilities shows that water 
utility managers receive consistently 
lower salaries. 


Qualifications 


Recognizing the problems of inade- 
quate plants and tremendous future 
growth which face the water utility 
manager, the committee offered four 
recommendations for qualifications : 
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1. All water utility managers should 
have at least a high-school education. 

2. Any water utility serving a popu- 
lation of 5,000 or more should have a 
full-time manager. 

3. A utility serving 10,000 or more 
people should have a full-time gradu- 
ate engineer, preferably a registered 
professional engineer. 

4. A utility serving a population of 
25,000 or more should have a college 
graduate (or equivalent) as_ its 
manager. 

These appear to be fundamental re- 
quirements, but the question before 
the industry is how to meet them with 
a low-wage policy that simply cannot 
attract qualified people in a competi- 
tive labor market. 

To discuss at length managerial 
qualifications in this article is to put 
the cart before the horse. Everyone 
recognizes the increasingly complex 
and technical nature of the water 
utility manager’s job. The committee 
report listed administrative responsi- 
bilities including accounting, budget 
preparation, purchasing, personnel, 
planning, engineering, construction, 
and public relations. 


Need in Small Utilities 


Larger water utilities have, with few 
exceptions, competent managers who, 
although underpaid in most instances, 
have the educational backgrount, the 
training from experience, the technical 
ability, the vision, the qualities of lead- 
ership, and the administrative ability 
required by the job. The real chal- 
lenge to the industry is the small util- 
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ity serving less than 25,000 people. 
Managers of such utilities are paid 
median salaries ranging from about 
$5,000 © - the towns of 25,000 people 
to less than $3,000 for the smaller 
towns. 

In Colorado, 826,000 people live in 
the eight cities with populations greater 
than 25,000; 367,000 reside in the 238 
towns with 25,000 people or less. A\I- 
most 33 per cent of all Coloradans are, 
therefore, living in towns that, because 
of low salaries, find it very difficult 
or impossible to provide adequacy in 
water utility management. These are 
the managers who generally lack the 
educational background and _ other 
Gualities needed in their vital jobs. 
These are the managers who do not 
attend AWWA section meetings or 
schools. These are the managers for 
whom the guidance and _ leadership 
recommended by the committee is most 
required. 

Until the familiar pattern of cheap 
water and low salaries has been sup- 
planted by one of realistic water rates 
that will make adequate plants and 
competitive salary scales possible, the 
preparation of job descriptions for and 
qualifications of water utility man- 
agers is, the author fears, rather aca- 
demic for smaller towns and cities. 
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Consumer Service—Mirko D. Lubratovich and 


Earl H. Ruble 


A paper presented by Mirko D. Lubratovich, Dir. of Public Utilities, 
and Earl H. Ruble, Cons. Engr., both of Duluth, Minn. 


The paramount features of water 
utility operation, so far as the customer 
is concerned, are quantity of water, 
quality of water, and dependability of 
the supply at adequate pressure. In 
these days of well advertised water 
shortages in many areas of the United 
States, the quantity .f available water 
is probably uppermost in the minds 
of most consumers. A generation or 
more ago, quality was considered pri- 
marily in connection with bacteri- 
ologic quality because waterborne dis- 
ease had not yet been brought under 
control. Even today, more than 
15,000 water departments in the 
United States are delivering water of 


a quality that varies from place to 
place. 

An experienced water supply super- 
intendent would classify many public 
water supplies as having good quality 
and others as having poor quality. He 
would classify some as adequate in 


quantity and some as inadequate. He 
would classify some utilities as satis- 
factory for pressure and dependability 
and some as unsatisfactory. His ex- 
perience would provide the primary 
background for his judgment. Two 
superintendents with widely different 
backgrounds would not agree in all 
their evaluations. 


Need for Quality Standard 


A quality standard is needed as a 
reference against which water supplies 
can be measured and as a goal for 
individual water supply improvement. 
With a quality standard as a yardstick, 
two superintendents would be able to 


agree as to the relatively adequacy of 
water supplies. 

This article suggests a few parame- 
ters that might be used as a starting 
point in developing a quality standard. 
The USPHS Drinking Water Stand- 
ards * define a safe water, but not nec- 
essarily a good-quality water. <A 
water with a color of 20 ppm, turbid- 
ity of 10 ppm, an iron content of 0.3 
ppm, chlorides amounting to 250 ppm, 
and total solids of 1,000 ppm could 
hardly be classed as good-quality 
water, but such water would meet the 
USPHS standards. 


Good-Quality Water 


The problem of defining good- 
quality water has been discussed by 
Bean.? He has suggested these topics 
for study: 

1. Standards on toxic materials 
might be left out of a professional 
standard, or might comply with 
USPHS standards. 

2. Professional standards should 
deal with factors not particularly asso- 
ciated with health implications. 

3. How should detergents be han- 
dled ? 

4. How should pesticides be han- 
dled ? 

5. Should USPHS _bacteriologic 
standards be altered? 

6. What is a workable odor stand- 
ard? 

7. What about viruses and chlorine 
residuals ? 

8. How should corrosion and scale 
control be evaluated? 
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Suggested Standard 


A quality standard can be estab- 
lished only; after many points of view 
have been expressed and evaluated. A 
starting point should be established, 
however, as a base from which to pro- 
ceed. The following tabulation is sug- 
gested in order to create a point of 
origin. It represents a carefully con- 
sidered point of view, but it is only a 
viewpoint drawn from experience in 
northern latitudes. The composite 
opinion of the many who participate 
in creating an eventual standard is the 
important consideration. 

With the foregoing explanation, the 
following quality standards are sug- 
gested as a basis for discussion: 

1. Temperature of 50°F or lower, 
although this is difficult to influence 

2. Turbidity not exceeding 3 ppm 

3. Color not exceeding 5 ppm 

4. Iron not exceeding a total of 0.10 
ppm 

5. Manganese not exceeding a total 
of 0.50 ppm 

6. Total solids not exceeding 300 
ppm 

7. Taste standards on an absolute 
scale are impossible. A relative stand- 
ard is suggested, however. Everyone 
in the water supply field is familiar 
with the expression that someone’s 
well has “the best tasting water in the 
world.” Fundamentally, expressions 
of good taste in water mean that the 
observer does not detect any flavor of 
salty, sweet, sour, or bitter character ; 
that there is no taste response similar 
to the hotness of pepper or the cold- 
ness of mint; and that there is no 
medicinal, fishy, weedy, or musty 
character to the flavor. It is recom- 


mended that a statistically random and 
representative selection of consumers 
be made for a taste test. 


If 75 per 
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cent rate the water as good or excel- 
lent using the above mentioned general 
criteria, the water would be regarded 
as a quality water so far as taste is 
concerned 

8. Odor not exceeding a threshold 
value of 0 or 1 

9. Nitrate nitrogen not exceeding 
1.0 ppm 

10. Detergents (ABS) not exceed- 
ing 0.05 ppm 

11. pH is necessary for stability 
from the viewpoint of corrosion and 
scale control. High-pH waters some- 
times do not taste good, but it is be- 
lieved the taste standard would cover 
this characteristic 

12. Adequacy and _ dependability 
may be provided by having storage 
equal to 2 days maximum demand. It 
is suggested that either dual pumping 
facilities and a source that has no rec- 
ord of failure as to quantity or an 
available secondary source be available 

13. Residual chlorine at the consum- 
er’s tap of not less than 0.40 ppm, if 
chlorine is used for bactericidal 
purposes 

14. Coliform bacteria count may be 
considered low enough if, of all stand- 
ard 100-ml portions examined per 
month, not more than 1 per cent show 
the presence of coliform. 

In certain respects, the foregoing 
suggested standards prescribe more 
stringent requirements than USPHS 
standards. Baylis* has stated that in 
Chicago, standards have been set that 
are in some respects much more rigid 
than USPHS standards. The trend in 
this direction will, in all likelihood, 
increase as the public learns that water 
quality can be upgraded by the pro- 
ducer as any other food product can. 

Several important elements have not 
been mentioned so far. Most of the 


Ne 
Per 
ier 
Es 


1330 


elements listed below are not particu- 
larly detectable by the consumer. 
USPHS standards are recommended 
for compliance in a quality standard 
as well as a safe water standard for 
these characteristics: (1) fluorides, 
(2) cyanides, (3) arsenic, (4) hexa- 
valent chromium, (5) lead, (6) bar- 
ium, (7) cadmium, (8) selenium, and 
(9) radiologic content. 


Desirable Characteristics 


There are at least a hundred meas- 
urable quality characteristics that 
might properly be a part of a quality 
standard. As more is learned about 
water quality, the number of charac- 
teristics that may be described in a 
quality standard could multiply. In 
the authors’ opinion, however, a qual- 
ity standard should be limited, so far as 
practicable, to five basic characteristics : 

1. Adequacy and dependability of 
supply 

2. Bacteriologic safety 

3. Chemical safety 

4. Physical desirability—appearance 
(color and turbidity), taste, and odor 
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5. Chemical compatibility—corrosion 
control and scale control. 


Need for Discussion 


The specific standards suggested 
would define a high-quality water ac- 
cording to the above outline of basic 
qualities. These suggested standards 
are offered only as a starting point 
for discussion. After a hundred or 
more experienced water supply engi- 
neers and administrators have ex- 
pressed their opinions, a practical and 
realistic revision of the suggested 
standards might be made. After opin- 
ions and comments have been made, a 
review of this article might produce 
an outline on which can be built a 
quality standard acceptable to all water 
utilities. 
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A paper presented by Henry J. Graeser, Supt., Water Works, Dallas, 


Tex. 


Water customers are becoming 
aware of the value of the water they 
use. In many localities, this aware- 
ness was a result of drought in a 
growing community. Although the 
combination of growth and drought 
caused temporary inconveniences, the 
lesson it taught water consumers may 
have lasting benefits. Knowing the 
value of water, consumers are more 
ready to accept a readjustment of rates 
on a modern business basis. 

One of the water supply industry’s 
worst problems is that of inequitable 


rates. When tax support and billed 
revenue are mixed, for example, finan- 
cial confusion may prevent adequate 
and responsible planning. Political 
expediency often leads to rates that 
have little relationship to the utility’s 
cost of providing service to a cus- 
tomer; instead, customers with little 
influence pay high rates and customers 
whose complaints will be heard in City 
Hall pay low rates. In cities where 
industry has too much investment to 
move away, industry is charged more 
than its fair share; in cities trying to 
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attract industry, the domestic customer ing number of water boards and au- 
makes up for artificially low induce-_ thorities being set up. Some commu- 


ment rates. nities, however, have accomplished the 
same result without incurring the ex- 
Payments to General Fund pense of a board. In Dallas, the city 


When a city water department is charter provided that the water and 
considered to be a money maker for sewage utilities were to be separate 
the general fund rather than an oper- entities in city financing. The water 
ating utility, its “payment in lieu of and sewer departments do not pay 
taxes” may rob it of income necessary into the city general fund except for 
for reserves, planning, management, services that the city renders the utili- 
and operation. Financial planning is ties. Legal services, purchasing, gen- 
sacrificed to low property taxes. eral administration, and finance opera- 

Most water department managers tions are consolidated with other city 
expect to make payments to the gen- functions of a similar nature, but the 
eral fund at levels and by methods utility pays for these services at cost. 
comparable to those by which the pri- 
vately owned utilities in the cogs Study and Planning of Rates 
nity pay taxes. But when city gov- Adequate rates for cash operation 
erning bodies exact unfair payments require adequate study and planning. 
for political reasons, the water depart- With poor load factors and the in- 
ment managers have no appeal. The creased use of water, the water supply 
only thing they can do is to convince industry must allocate costs according 
administrators, elected officials, and to the way costs are incurred. 
citizens that the water department is Rate study has been facilitated by 
a utility, not a tax relief operation. metering. At the end of World War 
They may use the new awareness of I, a flat rate for all customers was 
the value of water to support their common. Now more and more com- 
contention. munities are completely metered; few 

Another way to support this point new water systems are going into serv- 
of view—and to work toward realistic ice without adequate metering. 
rates and finances—is by calling atten- Rate studies must take many factors 
tion to the many comparisons between into consideration. The local condi- 
water utilities and the electric and gas __ tions of the community—demand rate, 
utilities. Water department managers climatic conditions, types of users, and 
should learn the techniques of business rate of growth—all affect the price of 
financing, but they need not let their water. Research is needed to deter- 
ideas be governed by past example. mine how different types of customers 
The ad valorem tax, for example, has use water and what the facilities that 
become outworn. Water department serve them cost. These customer 
managers may find a reasonable at-cost types may be used to devise rate 
water rate for service to be more classes. 


suitable for their purposes. If the proper number of class rates 
have been devised, only three charge 
Progress in Utility Recognition factors are needed: a customer charge, 


Throughout the United States, a demand charge, and a commodity or 
recognition of the water department unit charge. The customer charge is 
as a utility is expressed in the increas- a minimum that includes the charges 
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common to all customers whether they 
use any water or not. Such charges 
are for fire protection, administration, 
engineering, and overhead. A 6-in. 
main in front of a customer’s house 
requires the same maintenance even 
if the customer does not use any water 
from it. The demand charge, if not 
separate,’ may be computed either in 
the minimum or the unit charge. If 
demand is included in the unit charge, 
the rate can be flat to all consumers 
in the same class, regardless of what 
they use above the minimum. 

Dallas uses four classes of rates: 
(1) the domestic consumer and the 
commercial consumer with air con- 
ditioning, (2) the commercial con- 
sumer without air conditioning, (3) 
the industrial consumer, and (4) the 
outlying communities that purchase 
water. Each of these classes repre- 
sents a type of customer with more or 
less the same use habits. By allocating 
capacity costs for peak-hour and peak- 
day use patterns, a suitable class rate 
was devised. 

Studies provide the basis for rate 
planning, the need for which is clear. 
Adequate planning is essential for 
rates that will enable the utility to 
finance growth from income. 


Planning for Expansion 

Rates adequate for cash operation 
may not be sufficient to pay for ex- 
pansion. An average rate that bal- 
ances increased use against increased 
operating and capital expenses requires 
a plan of expansion. Privately owned 
utilities use a cash reserve to pay for 
expansion when it is needed, but few 
public water departments are allowed 
to accumulate a reserve. 

Rate planning that accommodates 
for growth requires a knowledge of 
the amount of money that will be 
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needed, over a reasonable period of 
time, for expected expansion. Every 
growing water system must have a 
master plan. The number of people 
coming into a community, the types of 
customers that will have to be served— 
industrial, commercial, or residential— 
must be known. The amount of money 
needed must be anticipated, and so 
must the time when it will be needed. 

Without the cash reserve of a pri- 
vately owned utility, the public utility, 
to have adequate rates, should have an 
accurate estimate of its future operat- 
ing expenses. It should have an idea 
when its debt service requirements or 
capital charges will occur, and of the 
compounding effect of these expendi- 
tures. Generally, there will be high 
and low periods of expenditure over 
10 years. Thus the utility must have 
an average rate creating a cash reserve 
for parts of the period, a constantly 
changing rate, or, at some time in the 
period of financing, a higher rate than 
would otherwise be necessary. 

If a utility has a master plan to 
show when expenses will increase, it 
can increase rates before a deficit ap- 
pears in the budget. Thus a short- 
term reserve can be built that will 
compromise between an operating re- 
serve and a varying rate for service. 
This cash reserve cannot be attacked 
as an excessive charge for the citizens 
of the future, as it merely covers part 
of the expansion of a reasonable pe- 
riod. Bonds on 20- or 25-year term, 
although costing 40 per cent more over 
their term than cash, pay for the rest 
of the expansion and spread the cost 
to the future population that will use 
it. When the facilities are paid off 
and growth has ceased for a while, 
rates should decrease, unless the citi- 
zens accept the necessity of building 
a reserve for the next surge of growth. 
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Adequate Rates and Public Recog- 
nition 


Adequate rates based on studies, 
planning, and anticipation of growth 
can be accomplished only if the public 
knows the value of water and recog- 
nizes the water department as a utility 
with its own financing. One factor 
encouraging adequate rates and public 
recognition is the growing popularity 
of revenue bonds, which has prompted 
better protection of water income in 
order to satisfy the bondholders. In 
a recent sale of revenue bonds, the 
Dallas water utility sold bonds at an 
interest rate lower than the rates of 
its municipal, tax-supported bonds. 
This demonstrates the confidence that 
bondholders have in utilities operated 
as a business, with water rates ade- 
quate for maintenance and expansion. 
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Bondholders are becoming more 
aware of the economic value of water; 
they are showing their confidence in 
utilities that are well managed and are 
financially sound on their own without 
tax support. 

In order to achieve adequate rates, 
adequate talent and energy must be 
devoted to them and to the work of 
getting the public to recognize the 
value of its water utility. The public 
must realize that the water utility 
needs management, salaries, and plan- 
ning equal to that of other utilities. 
Rates and long-range planning for the 
whole utility are interdependent. 
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A paper presented by William R. Seeger, Gen. Mgr. & Chief Engr., 


The subject of adequacy in plant 
facilities is too broad for one man’s 
opinions and attitudes to be of much 
value to many others. For this article, 
therefore, the author sent question- 
naires to and received responses from 
one Hawaii and twelve California 
water utilities. 

The utilities surveyed varied from 
small rural communities to large met- 
ropolitan areas. The author believes 
that the opinions expressed in this sur- 
vey cover the full scope of the water 
supply industry. One of the respond- 
ents, the Los Angeles Water Depart- 
ment, serves 2,514,000 people; an- 
other, the North Marin County Water 
District, serves 25,000 people. Some, 
like the East Bay Municipal Utility 
District, use surface water ; others, like 


Marin Munic. Water Dist., San Rafael, Calif. 


the Southern California Water Co., 
use ground water and surface water 
sources. Opinions on plant facility 
adequacy among the chief engineers of 
these utilities also varied widely. 

In the questionnaire, respondents 
were asked to express their opinions 
on the meaning of adequacy when ap- 
plied to these plant facilities: water 
supply, terminal storage, transmission 
lines, pump stations, filter plants, dis- 
tribution storage, distribution lines, 
service connections, and pressure 
zones. 


Water Supply 


The survey indicated that, when a 
utility obtains a supply from well fields 
with an underground basin in which 
wells can be constructed within 1-2 
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years of the demand, the daily capacity 
of the well system should be approxi- 
mately 150 per cent of the average 
daily draft. In systems that are taking 
their water supply from rivers, the ca- 
pacity should also be approximately 
150 per cent of the average daily draft. 
In impounding reservoirs or surface 
storage, the capacity is largely depend- 
ent on availability of dam sites, sea- 
sonal variation in the supply, and the 
general climatic history of the area, 
as well as on the time required for 
construction. 

Generally speaking, it was the opin- 
ion of all respondents that it is ex- 
tremely difficult to define the ade- 
quacy of a basic water supply, as ade- 
quacy when dealing with a well supply 
is different from adequacy of a river 
supply or of an impounded storage 
supply. It is probably not possible to 
give one concrete figure on which a 


water utility operator could rely in 


Each supply is 
on many 


designing a source. 
individual and depends 
variables. 


Terminal Storage 


In this article, terminal storage is 
the storage adjacent to the service 
area. The approach in determining 
the capacity of terminal storage was 
based, in most instances, on protecting 
against an outage in the main trans- 
mission line from the source of supply. 
The terminal storage would supply 
water to the distribution system until 
adequate repairs on the source were 
made. Here again, it was difficult to 
establish a single adequate storage fig- 
ure, as the capacity of storage facilities 
largely depends on the location of 
storage in relation to the source of 
supply. The bare minimum of termi- 
nal storage, it seems, should be storage 
for a full 3 days, plus the fire require- 
ments of the National Board of Fire 
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Underwriters (NBFU), for smaller 
systems, and a maximum of 90 days 
for large metropolitan areas. Some 
organizations try to estimate the seri- 
ousness of a transmission line break 
and the length of time required to 
repair this damage. In this way they 
develop terminal storage to provide 
for such an outage. 

It was interesting to note that in 
the large systems, the problem of ter- 
minal storage was felt to be quite seri- 
ous. With these utilities, storage for 
30-90 days was indicated. 

Generally speaking, the survey indi- 
cated that in communities where the 
transmission facility from the source 
of supply was by means of long aque- 
ducts and the number of consumers 
was above 250,000, terminal storage 
minimums for 30-90 days were 
thought desirable. In smaller commu- 
nities, where the supply was closer to 
the service area and the supply lines 
from the water development to the ter- 
minal storage were classed as pipe- 
lines rather than as aqueducts, storage 
for at least 3 days in the terminal res- 
ervoirs was considered sufficient. 


Transmission Lines 

Everyone knows the desirability of 
having transmission lines as large as 
possible. But with transmission lines 
(as distinguished from distribution 
lines), increasing diameters mean tre- 
mendous increases in cost; the matter 
of economic justification is involved. 
Opinion is mixed as to whether trans- 
mission lines should be designed on 
the basis of percentage of present flow 
or whether they should be designed 
to carry the flow anticipated in some 
years. When a transmission line is 
installed, it is usually one that will 
carry the anticipated demands for at 
least 20 years, as transmission lines, 
unlike distribution lines, cannot be 
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cross connected or netted in order to 
increase their capacity. 

Adequacy in transmission lines de- 
pends on whether the system is gravity 
or pumped. The approach with a 
gravity system is entirely different 
from that with a pumped system. On 
a pumped transmission line, the eco- 
nomics of pumping plants, power, and 
additional friction loss as compared to 
the cost of the particular pipeline is 
involved. With a gravity system, on 
the other hand, only the amount of 
water to be taken through a particular 
line need be compared to pipeline cost. 

The size of transmission lines is also 
dependent on the availability of stor- 
age for meeting peak demands. If 
a transmission line is to be called on 
to meet the peak demands, it must be 
large enough to handle probably 200 
per cent of the average day; if storage 
is available in the system, the line ca- 
pacity can be cut somewhat, depending 
on the location of the storage in the 
overall layout of the system. 


Pump Stations 


For pump stations to be adequate to 
meet the demands placed on them, one 
of the important things to be consid- 
ered is standby units in case of power 
outages. This can be taken care of 
either by gas-driven standby units or 
by providing additional storage above 
the generally recognized standard for 
pumped storage. Consideration should 
also be given for a standby pump in 
the case of a motor or pump failure. 
On low-lift pumps, the capacity should 
be approximately 200 per cent of 
the average daily draft; on high-lift 
pumps, the capacity should be approxi- 
mately 300 per cent of the average 
daily draft. 

The design of pumping systems 
ties in with the design of the storage 
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tanks. In fact, it is not good design 
to handle them separately; pumping 
systems should be considered as both 
pumping plants and the storage reser- 
voirs. A pumping plant designed to 
operate for 8 hr per day, in combina- 
tion with a storage tank adequate to 
meet a 2-day demand, will usually 
prove adequate to meet most of the 
demands placed upon it. 


Filter Plants 


Filter plant capacities are generally 
a function of the distribution system. 
Generally speaking, the capacity should 
be approximately 150 per cent of the 
average daily draft, providing for at 
least one reserve filter unit out of 
operation for backwashing. 


Distribution Storage 


In gravity pressure zones, the ca- 
pacity should be equal to 1.5 times 
the maximum daily demand or 3 times 
the gross average demand. In pump 
pressure zones, the capacity should be 
equal to 2 times the maximum daily 
demand or 4 times the gross average 
demand. The survey indicated that it 
would be desirable if storage for 3 days 
could be provided. 


Distribution Lines 


It is interesting to note that as the 
survey touched areas where more in- 
formation is known and where more 
specific answers can be given, there 
tended to be more agreement between 
the respondents. A great deal of rec- 
ognition was given to NBFU recom- 
mendations. It was almost a unani- 
mous opinion that if NBFU standards 
are met there would be adequate water 
for all services. The design of distri- 
bution lines must, of course, meet the 
fire flow requirements as well as main- 
tain a minimum pressure drop during 
periods of peak flows. 
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One utility indicated that a standard 
design of a distribution system was a 
network of 12-in. mains on 0.5-mi 
spacing each way and 6-in. mains 
within each grid reinforced with 8-in. 
headers. It was generally conceded 
that minimum size of lines should not 
be below 6 in. Another criterion of 
line capacity is that the line should be 
ample to handle maximum flows (4 
times the gross average over the maxi- 
mum day), or 2 times the gross aver- 
age day plus the fire flow, whichever 
is more critical. 

Another utility indicated that its 
system is designed to provide a domes- 
tic fire flow plus a fire demand on a 
maximum day. Another comment in- 
dicates that a distribution line is only 
adequate when it can handle the pres- 
ent and future demands that are likely 
to be placed on it. 

It is generally conceded that estab- 
lishing a percentage of average daily 


output is not possible when dealing 
with the distribution lines, but that 
such things as fire flows and future 
expansion as well as permissible and 
allowable head losses must be given 
consideration also. 


Service Connections 


The survey indicated that generally, 
where }-in. connections had been con- 
sidered adequate, consideration should 
now be given to changing standards 
to at least l-in. service lines, as more 
water-consuming household devices 
are being marketed and water sales 
per consumer are increasing yearly. 

In determining the size of service 
connections, consideration should also 
be given to the pressure in the main. 
In other words, on the border of the 
low-pressure limit, the system should 
be designed so that minimum pres- 
sure drops occur in the service line; 
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in areas with high pressure, smaller 
service pipes can be satisfactory. 


Pressure Zones 


It is the general consensus of opin- 
ion that previously 30 psi was consid- 
ered adequate, but now, because of 
modern living, it is desirable to in- 
crease this to probably 40-45 psi where 
possible. Generally speaking, pres- 
sures are maintained between 40 and 
100 psi. 

Customers usually complain only 
when pressure fluctuates seriously. A 
change in pressure from 80 to 40 psi 
will cause more complaints than a 
pressure of 40 or 45 psi if it remains 
steady and constant. 

On sloping lots, there can be ade- 
quate pressure at the low side of the 
lot and inadequate pressure at the 
high side. This problem has been 
solved in some utilities by setting regu- 
lations requiring that service will be 
granted only if there is a minimum 
available pressure at the high side of 
the lot. 


Conclusions 


Each water supply man has his own 
opinion on adequacy in his own sys- 
tem, but there appeared throughout the 
survey three factors that determine 
attitudes on adequacy: 

1. Type of System. Adequacy is 
dependent on the type of system and 
on the source of supply. For example, 
adequate storage for a system located 
a long distance from its supply is dif- 
ferent from adequate storage for a 
system using well supplies right next 
to the terminal storage. 

2. Economic Situation. Everyone 
would like to have the best installa- 
tions, but this costs money. Economic 
conditions will largely determine the 


ge 
: 
> 
at 
at 
3 
vi 


Nov. 1961 


extent to which a system can be en- 
larged and improved. 

3. Future Adequacy. Another vari- 
able that must be specified in order 
to receive uniform information on ade- 
quacy is the length of time for which 
a system is expected to do the job. 
Is a system adequate if it provides 
good service today, or must the same 
system also be capable of doing so next 
year, 5 years hence, or 10 years hence? 
In a given system, each part of the 
plant facilities will have its own dura- 
tion of adequacy. This duration would 
apply to this part in any system re- 
gardless of size and type. 

First a determination should be 
made of what factors and considera- 
tions must be taken into account in 
designing for an adequate system. 
Then durations of adequacy should be 
specified. 

To be adequate, a system should 
provide noninterruptable service. This 
would be the highest level of adequacy. 
Then, depending on economic condi- 
tions, it may be defined that a system 
with minor interruptions would be on 
a secondary level of adequacy. 

The author believes that it will be 
possible only to set up general guides 
rather than to specify percentages of 
annual, monthly, daily, or hourly flow. 
This type of calculation will come after 
the basic considerations are taken into 
account. 

Adequacy for a source development 
would not be the same as distribution 
adequacy. To be adequate, a system 
should have source developments avail- 
able that will be adequate for 20 years 
from this time when a new develop- 
ment project is started. When the 
population has grown until the supply 
has only a 5-year adequacy, another 
development project should be started. 
This 5-year head start is made on the 
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assumption that it would take 5 years 
from the time of planning a project 
until water is made available. With 
storage, however, it only takes a mat- 
ter of months to provide additional 
tanks. The same goes for pumping 
plants, so a system could have a high 
rating with storage facilities adequate 
for 10 years and a storage system 
holding enough water for the demand 
of several days. 

It is the author’s opinion that al- 
though it might be possible to set up 
ground rules for adequacy that would 
apply to any system regardless of size 
and regardless of type of system, they 
can only be in general terms. 
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A paper presented by Ralph L. Swingley, Vice-Pres. & Controller, 
Indianapolis Water Co., Indianapolis, Ind. 


Every utility wants adequate ac- 
counting practices. Anything less than 
up-to-date, comprehensive, and efficient 
practices are inadequate, and no water 
utility can afford practices or systems 
that are inadequate. 

Good accounting practices are quite 
well defined. A new, modern uniform 
system of accounts has been adopted 
by NARUC.* Many states have 
adopted this system, and have it in 
use today. Plans are under way to 
update the Manual of Water Works 
Accounting that was prepared jointly 
by AWWA and the Municipal Finance 
Officers Association and published in 
1938. Good booklets and articles that 
give sound information on almost any 
phase of accounting are available. 
There are many fine mechanical sys- 
tems with a demonstrated record of 
successful operation. 

Everyone has access to recommended 
methods, systems, and practices; he 
should be willing to accept these prac- 
tices and use them at his utility. Util- 
ity managers need the vision and drive 
to bring their practices to the level they 
know they should have. 

Each water utility manager should 
consider and review all phases of his 
accounting operations and try to meas- 
ure it against what he ought to be 
doing. These questions might stimu- 
late such a review: 


Is customer billing and accounting 
properly mechanized? Is it over mecha- 
nized? Does the utility have too much 
mechanical equipment? Are small jobs 
that shouldn’t be done by the equipment 


mechanized? Is work under continuous 
study, and after careful analysis is more 
of it being mechanized? 

Does the utility have a complete con- 
tinuing property record? Is it backed 
up by a sound work order system? Is 
material being controlled? Does the util- 
ity have a sound record of receipts, dis- 
bursements, and quantities on hand? 
Are statistics adequate? Is the amount 
of pumpage lost known? Does the util- 
ity have an adequate analysis of costs? 
Are cost analyses used as a management 
tool? 


How can a water utility’s accounting 
practices be examined? There are so 
many facets to good accounting for a 
utility that the only sound way is to 
group them in these categories: (1) 
customer billing, collecting and ac- 
counting; (2) general accounting ; and 
(3) general records and statistics 
(usually maintained by the accounting 
department). 

A rating scale for water utilities has 
been prepared * for the areas of gen- 
eral accounting ; customer billing, col- 
lecting and accounting; and general 
records and statistics. This rating 
scale breaks each area down into a 
series of parts, and gives the manager 
an opportunity to rate his own utility 
in these fields. As he uses this scale, 
he judges whether he has an account- 
ing system that completely meets re- 
quirements, and if not, how far his 
system falls below that which he ought 
to have. 

Use of this rating scale is the best 
way the author knows for a manager 
to check the adequacy and effectiveness 
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of his accounting practices. The rating 
scale will raise questions that will 
cause the manager to consider areas 
in which he can do a better job. If 
he has questions and does something 
about them, his accounting practices 
will improve in their adequacy. 
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—Engineering and Engineering Records—E. Jerry Allen— 


A paper presented by E. Jerry Allen, Asst. Supt., Water Dept., Seattle, 


Wash. 


All water utilities require technical 
or engineering services. Many larger 
utilities are regularly staffed with a 
variety of specialized engineers ; others 
depend primarily on the services of 
consulting engineers. Besides these 
two distinct groups, there are utilities 
that, for any of a variety of reasons, 
may lack adequate technical cr engi- 
neering services and proper engineer- 
ing records. 

The kinds of engineering services * 
required by water utilities are: (1) 
preliminary investigation and reports; 
(2) preparation of comprehensive 
plans or programs; (3) feasibility 
studies and reports, including advice 
on financing ; (4) preparation of plans, 
specifications, cost estimates, and con- 
tract documents; (5) rate studies; 
(6) supervision of construction; (7) 
studies of operating procedures; (8) 
appraisals; (9) expert testimony; 
and (10) special consultations for 
problems of a complex character. The 
proper accomplishment of any of these 
services will often draw on the talezits 
of several specialized engineers, as well 
as require accurate information, details, 
and records from the utility. 


Engineering 


Adequate engineering does not stop 
The 


with plans and _ specifications. 


best of plans and specifications will 
not guarantee a satisfactory job. Suc- 
cessful construction requires capable, 
experienced engineering supervision. 
During construction, modifications and 
field decisions may normally be ex- 
pected to occur. Such changes and 
decisions may be expected to be no 
better than the engineering judgment 
and experience of the supervisor. Ap- 
plication of sound, capable engineering 
ability, coupled with judgment gained 
from experience, will pay dividends 
in forestalling litigation between con- 
tractor and principal. 

Few utilities have the means to 
maintain a complete staff of engineers 
fully capable of performing the variety 
and quality of engineering services re- 
quired. It is just as reasonable to 
retain capable engineering services for 
engineering work as it is to consult a 
capable doctor when medical or health 
advice is needed. Practicing engineers 
specializing in the various water utility 
fields with a background of experience 
as evidence of their ability should be 
employed for major work or difficult 
problems. 

Engineers of integrity, with special- 
ized education, experience, technical 
knowledge, sound judgment, and a 
background of successful practice, are 
available to any utility. Probably the 
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best recommendation of an engineer 
is continuous service to clients and 
repeat performance.” 

Proper selection of engineering and 
legal counsel should be given sufficient 
thought. There are specialists in all 
professions. Utilities faced with spe- 
cialized engineering requirements 
should employ engineers with the 
training and experience background 
qualifying them to handle such prob- 
lems adequately. Engineers recom- 
mended by employers of engineers or 
by engineering societies may be se- 
lected for interview to determine the 
one with the most appropriate experi- 
ence background. After a utility man- 
ager selects the best qualified engineer, 
he should negotiate for the desired 
services with a full and complete mu- 
tual understanding of the nature and 
extent of engineering services. A 
check on fees that the engineer will 


charge may readily be made through 
the sources of recommendation.* 
The cost of engineering services 
should not be the sole consideration 
in selecting professional advice or as- 


sistance. Professional services by en- 
gineers with experience and profes- 
sional reputation can often save many 
times the amount paid for such serv- 
ices. Competent engineering usually 
results in lower costs through better 
bids, better inspection, better construc- 
tion, and better financing. 
Management responsible for 
timely and adequate engineering. 
Managers must be alert to the require- 
ments of their utilities for customer 
service both present and future. Then 
they must take the necessary steps to 
assure that proper water supply and 
system facilities are available when 
needed.* Proper planning by manage- 
ment gives consideration to require- 
ments far into the future. That a 
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USPHS survey® shows major defi- 
ciencies in supply, transmission, pump- 
ing, treatment, storage, and distribu- 
tion is evidence of inadequate planning. 

Faust * points out that although 97.3 
per cent of the nation’s water utilities 
serve communities with less than 
25,000 people, the recorded deficiencies 
indicate that some of the larger com- 
munities may also lack good engineers. 
The problem of adequate engineering 
is not necessarily a function of utility 
size. 

Service area growth and expansion 
must be anticipated, and so must ade- 
quate facilities to meet that growth 
and increased consumption. Continu- 
ity of water service may require plan- 
ning for additional or supplemental 
sources. Many factors indicate the 
desirability of safe, well developed dual 
supplies. 


Engineering Records 


Engineering records are essential for 
studies, proper planning, and opera- 
tion. Maintaining the continuity of 
practically any water utility records 
ranging from source of supply through 
physical plant to consumption is of 
inestimable value in planning. It pro- 
vides background data for necessary 
engineering. 

The increasing scarcity of available 
water sources that may be developed 
economically increases the value of 
existing water rights. The impor- 
tance of records for use in courts of 
law to protect water rights indicates 
that the source of supply should be 
identified and recorded accurately as 
to location, quantity of diversion or 
withdrawal, methods of measurement, 
water quality at the source, first dates 
of use of source, permits, leases, agree- 
ments, and property ownership. Per- 
mits, leases, agreements, and deeds 
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should be properly recorded in accord 
with state laws. Specific dates for all 
such records are important. 

No water utility is too large or too 
small to maintain comprehensive map 
records of all utility installations and 
service areas. All maps should be 
accurately and properly scaled to show 
the information recorded. Map rec- 
ords should consist of contour maps, 
overall system maps, sectionalized sys- 
tem maps, service areas, and _ utility 
property ownership maps. 

Distribution system maps should in- 
clude and record water mains, valves, 
hydrants, and some individual serv- 
ices. The prime consideration is that 
all features shown should be properly 
identified as to size and properly lo- 
cated with relation to fixed “ties” such 
as section corners, recorded monu- 
ments, or recorded property lines. 

The utility installations shown 
should be dated and identified with 
reference to work orders, jobs, ordi- 
nances, or other authorizing documents 
or plans that provide detail. Records 
of flow, pumping, static pressures, 
water treated, water delivered, leakage 
loss, and valve operations, all showing 
dates, are of great value for planning 
as well as for proper operating 
procedures. 

Careful planning of distribution sys- 
tem records is necessary to determine 
the forms to be used, the amount of 
information to be recorded, and the 
procedures that will assure a continu- 
ity of record.’ 

It is expected that treatment plant 
operating records will be maintained. 
Aside from operating and treatment 
procedures, however, specific records 
should be maintained showing physi- 
cal plant layout. Such plans and rec- 
ords should always be made and dated 
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whenever any physical change is made 
in a plant. Records of the operating 
results obtained after such changes 
should also be made. 

One of the most useful records is 
that of costs and revenues. Cost ac- 
counting for water is directly related 
to the feasibility of required improve- 
ments, operating procedures, and reve- 
nues available or required to finance 
plant changes or expansion. The engi- 
neer has a direct and vital interest in 
financial accounting, as it is a part of 
every water utility engineering func- 
tion. The correlation of cost records 
with construction is vital for a properly 
programed improvement. Other as- 
pects of engineering activity that re- 
quire proper accounting records are 
valuations and appraisals, cost analy- 
sis, reserve requirements, depreciation 
rate studies, formulation of rate struc- 
tures, and forecasting of revenue and 
expense. Such specialized engineering 
functions can well be performed by 
capable consulting engineers who 
fully understand their role in determin- 
ing and interpreting data relating to 
financing and revenues.* The correla- 
tion of accounting records and engi- 
neering reports is necessary for man- 
agement to determine the feasibility of 
proposed programs.® 

Engineering reports should be re- 
tained with all other permanent engi- 
neering records in a safe, well pro- 
tected location where danger of fire 
and deterioration is kept to a mini- 
mum. Not only should duplicate rec- 
ords be kept of all design plans, re- 
ports, and specifications, but working 
copies should always be duplicates. 
The original records should be main- 
tained for reference only. Many utili- 
ties find there is safety and economy 
in microfilming such records. Some 
utilities provide a factor of safety by 
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filing duplicate records some distance 
from the originals. 

Although engineering reports are of 
great value for future reference, and 
are the very foundation for conception 
and design of facilities, truly effective 
reports are based on background engi- 
neering records of a utility. The pre- 
liminary study, the necessary data, and 
the concluding solution require a true 
engineering analysis to state properly 
the purpose and to present the relevant 
facts and requirements. The summary 
of findings and the conclusions and 
recommendations giving in detail the 
benefits to be obtained, the cost, and 
possibly the means of financing cannot 
be made without those facts. 

Preparation of plans, specifications, 
and realistic cost estimates to accom- 
plish the purpose desired must be 
based on sound, adequate engineering 
reports with full consideration given 
to comprehensive plans for develop- 
ment (a major engineering study), 
feasibility reports, operating costs, and, 
above all, special consultations and ad- 
vice for problems of a complex or 
unusual character. 


Conclusion 


New water supply demands from 
population increase and increase in per 
capita consumption require adequate 
planning and engineering.*® Public 
water utility requirements are expected 
to soar from 16.3 bgd in 1955 to 32 
bgd in 1980, an increase of practically 
100 per cent in 25 years.** People in 
the water supply field must also accept 
their responsibility for continuity of 
water service during emergency situ- 
ations, whether such emergencies are 
caused by nature, are man-made acci- 
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dents, or are military catastrophes. 
The willingness and ability to do their 
jobs through proper planning and 
preparation will in large measure de- 
termine whether water supply people 
will control the destinies of their utili- 
ties. Cooperation between manage- 
ment and qualified engineers will set 
the stage for sound planning, ade- 
quate engineering, suitable rate struc- 
tures, and appropriate financing. 
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ADEQUACY IN OPERATION——-PLAN NING 


Planning—James W. MacLaren 


A paper presented by James W. MacLaren, Partner, James F. Mac- 


Laren Assocs., Toronto, Ont. 


The supply and distribution of water 
of an acceptable standard in adequate 
quantity and at a sufficient pressure 
have been considered by many munici- 
pal utilities as goals almost impracti- 
cable to attain. In comparison with 
the accomplishments of industry, this 
situation is completely inadequate. 

Such conditions have been intensi- 
fied with the explosive development of 
suburbia in many communities since 
World War II. Water utilities have 
found it most difficult to maintain ade- 
quate service to meet the increasing 
demand. It was reported in 1953 that 
over 1,000 utilities in Canada and the 
United States had to restrict the sup- 
ply and distribution of water because 
of inadequate planning, a direct result 
of extensive suburban growth. 

In years past, the distribution sys- 
tem of major cities usually served as 
the core from which to extend the 
water distribution system. With ex- 
tensive perimeter growth, however, 
the core was weakened; it required 
substantial reinforcement to sustain the 
utility’s service. Soon water in these 
newer areas had to be carried 2-3 
times as far to serve the same number 
of people as in the older city. This 
presented a serious probem to the util- 
ity, especially in increasing costs per 
customer. The problem of an ade- 
quate rate structure to sustain water 
utility expansion has been basic 
throughout the industry, and is aggra- 
vated by suburban developments. 

Another obstacle to the development 
of a properly planned water system is 
the limiting effect of municipal bound- 


aries. Although arrangements for the 
sale of water can be made between one 
community and another, in many places 
no proper plan can be developed with 
regard to adequate trunk main service 
between adjacent communities. This 
is generally owing to the political at- 
mosphere that often beclouds and re- 
stricts engineering judgment in mu- 
nicipal affairs. 

The foregoing has suggested a rather 
gloomy outlook in the water industry 
for modern and adequate planning. 
Fortunately, however, many factors 
favor improvement, modern planning 
methods, and analyzer and computer 
techniques. 

Area planning for the utility can 
be considered the most important and 
valuable aid in establishing and main- 
taining an adequate service within a 
specific planning period.. The cre- 
ation of modern planning commis- 
sions or planning boards within the 
past 20 years in North America has 
been of considerable benefit to the 
planned development of all municipal 
services. 

Without a major plan for water 
supply improvement as a part of a 
master plan of community develop- 
ment, the utility has no help in assess- 
ing the advisability of major land de- 
velopment schemes when these schemes 
are placed before it for comment and 
approval. The scheme is likely to 


gain approval, and the utility later 
finds that untimely and unwarranted 
extensions are required to supply serv- 
ice to it. 
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It is no longer necessary for major 
inadequacies to exist in water utility 
systems. If a modern water develop- 
ment plan is prepared and recom- 
mended with the approval of the local 
planning commission, especially if this 
plan is presented af.er a restriction of 
supply resulting from inadequate facili- 
ties, public opinion is generally suffi- 
cient to force its acceptance, including 
the necessary rate increases. If the 
plan encompasses not only the con- 
struction necessary to overcome pres- 
ent inadequacies but also incorporates 
a plan of future development, a foun- 
dation is established for the planned 
construction of work necessary to meet 
the increasing water requirements of 
a growing municipality. Many utili- 
ties have successfully followed such a 
scheme in recent years. 

This article indicates the basic facts 
that should be incorporated in such 


a plan to establish and maintain ade- 
quacy over 20-25 years. 


Forecasts of Water Consumption 


Municipal and area planning com- 
missions have been of invaluable assist- 
ance to the water supply engineer in 
the determination of future water re- 
quirements. They maintain studies 
of present land use, population statis- 
tics by census tracts, building permit 
records, established zoning principles 
indicating immediate areas of antici- 
pated growth, and population forecasts 
for 20-30 years in the future. Even 
if the utility does not agree with their 
findings and proposals, it must be ad- 
mitted that the planning authority has 
been established as a technical body 
operating at the behest of local gov- 
ernment to provide a realistic develop- 
ment plan for improving future living 
conditions in the area. Unless major 
objections to the policy are clearly in 
order, therefore, the utility should rec- 
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ognize this municipal service and use 
its basic information in establishing 
the development plan. 

From existing land use plans and 
studies as well as from aerial photo- 
graphs, residential, commercial and 
industrial establishment of various 
densities and types can be located. 
Statistics on water consumption by 
meter districts and major commercial 
and industrial consumers can then be 
utilized to establish unit acreage con- 
sumption rates for water in areas of 
varying type and density. Such unit 
rates, when applied to the existing land 
use figures, should provide a total 
water consumption figure equal to the 
current average consumption. The 
latter figure provides the check for the 
exercise. If reasonable similarity can- 
not be established, the land use figures 
and unit consumption figures must be 
reviewed until the gross figures are 
consistent. 

It is then practicable to forecast the 
areas of future growth according to 
zoning bylaws, estimating the degree 
of saturation within the planning pe- 
riod. Existing areas must be reviewed 
in similar fashion to determine the 
possibility of redevelopment and_ its 
effects on density and type of land use. 
Blighted areas of the old city may be 
converted to residential or commercial 
developments. Population forecasts 
established by the foregoing proce- 
dures must, however, when added up, 
concur with the actual forecast estab- 
lished for the whole area. If not, re- 
investigation must be carried out to 
correct the error. 

Once the plan of future development 
is confirmed with the agreement of the 
planning commission, unit water con- 
sumption figures can then be applied 
to areas of various density and type to 
establish the forecast of average de- 
mand for the end of the planning pe- 
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riod. These unit figures must be de- 
rived from current applicable consump- 
tion rates, but with allowances for an 
increasing use of water. Errors may 
creep into these unit figures if full cog- 
nizance and study are not given to 
the value of existing unit figures. In- 
dustrial and commercial unit acreage 
consumption rates must be determined 
with care. Private concerns often es- 
tablish themselves on enough land to 
double the size of their plants in the 
future. Such extensions would double 
existing unit consumption rates. Re- 
development with allowance for open 
land in new housing schemes generally 
does not materially affect the original 
unit consumption rates, but changing 
land use may do so radically. 

The increasing use of water by peo- 
ple in all types of development at rates 
of 0.5-2.5 gped per year, determined 
through forecasting past increases, 
must also be taken into accourt in any 
future unit rates. Furthermore, lawn- 
watering restrictions, areas with septic 
tank use, areas of low water pressures, 
and the probability of continuing use 
of water from private sources requires 
evaluation. 

With these estimates and forecasts, 
a general plan of future water use in 
the municipality can be developed and 
point loads can be assigned through- 
out the service area. The point load 
assignments are based on 1,000-acre 
blocks for larger utilities and 100-acre 
blocks or less for smaller systems. 
This gives a forecast of average water 
requirements for the planning period, 
and the forecast is actually plotted with 
relation to the growth pattern forecasts 
to establish distribution requirements. 

The estimates of usage discussed so 
far have been of average demand. To 
use this forecast plan for distribution 
planning, an assessment of maximum 
day and maximum hour requirements 
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for water must be made. The overall 
municipal figure will be based on pro- 
jecting past patterns into the future. 
Ratios of maximum to average use will 
become higher because service will be 
improved : lawn-watering and other re- 
strictions will be lifted. Area types 
will, however, vary in peak demand 
requirements and peak demand pe- 
riods. Industrial and residential peaks 
are generally not coincident. The dis- 
tribution forecast plan must be modi- 
fied for peak hour analysis, checking 
for both industrial and_ residential 
peak requirements. 

A further requirement that must be 
considered in laying out the distribu- 
tion loads is the allowance for fire 
fighting. In smaller utilities this must 
generally be added to the peak hour 
demand. In larger communities, peak 
hour requirements at reasonable de- 
livery pressures are generally satisfac- 
tory for meeting fire requirements. 
The maintenance of 30 psi of pressure 
in the lateral main during the peak 
hour demand with lawn watering un- 
restricted and fire allowance excluded 
appears satisfactory for larger systems. 
With smaller communities of 50,000 
people or less, a lateral main pressure 
of 20 psi probably should suffice with 
fire allowance included. Recent state- 
ments by NBFU indicate agreement 
with this principle. 

It is unlikely that requirements can 
reasonably be forecast further ahead 
than 20 years. With the above proce- 
dures, however, a sound basis has been 
established for the distribution require- 
ments of the municipality and the 
supply requirements of the system for 
a significant period in the future. 


Development of Future Supply 
Before a distribution network can 

be properly designed, it is necessary 

to determine if the existing supply 
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source and its treatment units, if any, 
will remain satisfactory over the plan- 
ning period. It is necessary to know 
if the distribution system will continue 
to receive its water from the same 
general direction and in the same gen- 
eral manner. Supply presents a prob- 
lem of longer range than does distri- 
bution. Any planning for its expan- 
sion under normal conditions should 
be on the basis of 25 years or more. 

The source of supply must be exam- 
ined to determine the extent to which 
its existing capacity will satisfy future 
demands. If insufficient for the plan- 
ning period, plans should be made to 
expand it. Alternative sources with 
treatment and pumping must be inves- 
tigated for their suitability. Develop- 
ment dates for the alternative sources 
considered satisfactory should be es- 
tablished according to the future water 
demand forecast. Capacity of the 


supply with respect to the average day 
of the maximum month and the maxi- 


mum day should be _ investigated. 
Where the supply is right next to 
the distribution system, the capacity 
should be based on maximum day or 
even maximum hour. Remote sup- 
plies involving transmission lines will 
require economic studies to determine 
pipe size and terminal reservoir capac- 
ity, based on the demand for the maxi- 
mum day, the average day of the maxi- 
mum month, or even the average day 
of the maximum 3 months. 
Examination of existing or alterna- 
tive sources of supply should consider 
current and anticipated pollutional ef- 
fects. Considerations of future pollu- 
tion should include the study of new 
and more complex industrial wastes, 
lower dilutional ratios, greater algae 
concentrations, radioactive wastes, de- 
tergent concentrations, and other taste- 
and odor-producing substances. Such 
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examination may reveal that new and 
more expensive levels of treatment 
may be required, intakes must be re- 
located, or operating levels in well 
fields altered. 

A utility may determine on investi- 
gation that because of increased re- 
quirements or water quality, a supply 
should be abandoned and a complete 
new development commenced. Under 
such circumstances the method and 
location of supplying the distribution 
system must be reviewed with care. 
If the existing source must be supple- 
mented from another source because of 
its inadequacy for future requirements, 
consideration must be given to the 
method of combining both supplies for 
ease of system operation. The second 
source has the added advantage of 
providing diversity of supply for the 
general public safety. Consideration 
must be given the initial capacity of 
the new supply. The capacity may 
have to be great enough to permit the 
existing supply to be removed from 
service right after the new supply 
begins to operate. This would permit 
rebuilding or remodeling the older 
supply for more efficient operation. 

Investigations should be made of 
new treatment methods, including the 
applicability of and economies effected 
by high-rate filtration to meet peak 
loads, centralized treatment if more 
than one source is involved, improved 
taste and odor procedures, economic 
studies of the most suitable method 
of power development, and improved 
intake location to collect water at a 
point where treatment and icing prob- 
lems may be reduced to a minimum. 

Whate' er expansion of supply is 
necessary te meet the planning-period 
requirements, the supply must also be 
capable of further development or inte- 
gration to assure adequacy of supply 
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throughout the foreseeable future. 
Distribution might vary, and its devel- 
opment has to be reviewed from time 
to time, but estimates of supply re- 
quirements must never be lower than 
a conservative level. Economy must 
never be the sole basis of evaluation 
of supply development plans. No mu- 
nicipality can hope to develop on a 
sound basis if it cannot assure itself 
of a water supply in sufficient quality 
and quantity to meet its most ambitious 
requirements. 


Distribution System Development 
Plans 


The distribution requirements of the 
system for the planning period have 
been determined for average and 
maximum conditions. The locations 
at which future supplies of water will 
be made available to the distribution 
system have been established. It now 
remains to size and locate the mains, 
repumping stations, reservoirs, and 
elevated storage tanks to permit the 
adequate development of the distribu- 
tion system through the planning 
period. 

These facilities should be sized 
under the flow and minimum pressure 
conditions previously listed, assuming 
an unrestricted use of water. Lawn- 
watering restrictions should not be 
considered in the planned development 
of a distribution system. If rates are 
adequate and fair, a utility is in busi- 
ness to sell water, not to restrict its 
use. Besides, restricted use under 
peak hour conditions today represents 
restricted use under average conditions 
5 years hence. 

Before the adequacy of the existing 
distribution system to fulfill future 
requirements can be assessed, the fric- 
tion factor of the system’s major mains 
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must be determined, and an estimate 
made of these factors through the 
planning period. Using the existing 
system with the C factors established, 
trial distribution systems to provide 
water in sufficient quantity and pres- 
sure to meet the requirements of the 
forecast period can then be planned. 

These trial systems should be 
planned according to the size and to- 
pography of the municipality. In the 
smaller system under flat topographic 
conditions, the distribution system of 
trunk mains would probably involve 
elevated storage in at least one loca- 
tion. In the larger system under simi- 
lar ground profile conditions, it is 
improbable that elevated storage would 
be suitable. Ground reservoirs and 
attendant pumping facilities, including 
standby facilities, could meet the sys- 
tem demand. Such systems as indi- 
cated above would probably require 
higher main velocities than would be 
necessary in a system where topo- 
graphic relief was such that the large 
volumes of ground storage could be 
located at an elevated place in the sys- 
tem. With this kind of system, 
standby pumping facilities might not 
be important. Mains could be sized 
to provide for flow in two directions 
during peak load hours. The princi- 
pal requirements of the trunk main 
system might be the filling of elevated 
reservoirs during the minimum hours 
of the maximum day in order to meet 
the peak hours of the day to come. 

The decision to include repumping 
stations as an integral part of the fu- 
ture distribution network depends on 
local system conditions. When re- 
pumping is employed, main feeders on 
both the suction and discharge sides 
of the station must be adequately sized 
so that pressure fluctuations from fric- 
tion loss at varying flow rates will . 
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remain within reasonable limits. Gen- 
erally, this can be done by assuming 
that at the peak main velocity, fric- 
tion loss does not exceed 3 ft in 1,000 
ft of main. This is normally the maxi- 
mum loss consistent with economical 
operation. 

In the design of systems including re- 
pumping facilities, unfortunately, there 
is a tendency to overload the suction 
mains in the established core of the 
system. This reduces system pressures 
below satisfactory levels during peak 
demand periods. Similarly, there is a 
possibility of undersizing the discharge 
mains for economy. This creates ab- 
normal station backpressures and pipe- 
line losses during peak load periods. 

Repumping facilities are a necessity, 
however, in areas where there is much 
variation in ground level, and pressure 
districts must be established to main- 
tain distribution pressures within rea- 
sonable limits. In such systems, sur- 
face reservoirs floating on the district 
system stabilize system pressures and 
reduce main velocities through two- 
way flow under peak demand condi- 
tions. For relatively flat areas, re- 
pumping as an integral part of the 
distribution system has been used to 
overcome friction loss in mains and 
to minimize major main construction. 
This has often been the case in sys- 
tems extending long distances from the 
originating pumping station, where re- 
pumping may be required in the more 
remote sections of the system to pre- 
vent distribution pressure from drop- 
ping below an acceptable level. Too 
often this solution serves only as an 
interim measure. When development 
grows past the booster station loca- 
tion, the booster station soon becomes 
useless to the system, and major mains 
must be extended to sustain pressure. 
_ This temporary solution also involves 
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system isolation on a wide scale, and 
reliability of service is lost. 

In any case, it is wise to establish 
two or three types of trial system to 
meet the requirements for distribution 
within the planning period. Each sys- 
tem should then be analyzed to deter- 
mine main sizes and pumping station 
and reservoir capacities. Systems 
should be analyzed on the assumption 
that major mains are out of service 
and electric power has failed but reser- 
voir and standby pumping equipment 
are operating. This analysis will de- 
termine the reliability of the systems 
under emergency conditions. 

Analyses of the assumed systems can 
be carried out rapidly and accurately 
with the electronic fluid network ana- 
lyzer or a digital computer. The net- 
work analyzer has proven to be phe- 
nomenally accurate. It provides a 
flexible and relatively easy method of 
evaluating the future adequacy of a 
distribution system, including the siz- 
ing of mains and, to some degree, it 
assists in determining the timing for 
their construction. A digital computer 
can also be used to great advantage. 
It requires less simplification than does 
the network analyzer, which is, of 
course, limited in the number of mains 
that can be simulated. The computer, 
however, provides only pressures and 
flows for one flow condition. A major 
alteration must be made if flow condi- 
tions are to be revaluated following the 
change in the size of a main. Either 
system is applicable, however, and the 
accuracy of computing methods and 
necessary assumptions are generally 
checked by simulating the last peak 
load conditions on record before inves- 
tigations of the future systems began. 
Several assumed systems, located and 
sized in this fashion to sustain mini- 
mum pressures under peak demand con- 
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ditions, can be evaluated economically 
and practically to determine the opti- 
mum system for future requirements. 

Whatever scheme is adopted, it 
should be conservatively sized so that 
any normal change in the development 
plans of the community will not de- 
stroy the usefulness of the proposed 
system. In locating mains and other 
works required in the water develop- 
ment plan, it is desirable to take cog- 
nizance of the future road development 
plans of the community. This insures 
that mains are established in the opti- 
mum location and will interfere as 
little as feasible with road and other 
utility construction programs. The 
trunk main, reservoir, and pumping 
station construction program must be 
laid out in stages over the planning 
period, anticipating service for the 
areas of immediately predicted growth 
in the initial years, and for the more 
remote areas in the later years. Five- 
year capital works plans over the plan- 
ning period are suggested as a basis for 
establishing approximately equal capi- 
tal spending periods in the program. 


Current Planning and New Develop- 
ments 


A long-term plan for establishing 
and maintaining adequacy in water 
service has been discussed above. 
With such a plan, a utility is able to 
make an assessment of its capital 
spending in the years ahead. It can 
then determine if actual revenues from 
existing rate schedules will be suffi- 
cient to meet the financing require- 
ments of the capital works program, 
assuming future increases in consump- 
tion. If such examination shows a 
lack in reserve funds to meet increased 
capital debt, rate increases can be 
planned for future dates to keep pace 
with optimum system development. 
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This long-range plan of development 
should not, of course, be followed 
blindly. It must be reviewed at regu- 
lar intervals to determine if it is still 
adequate for the development of the 
community as the growth occurs. Al- 
terations should be made in the pro- 
gram as actual development dictates. 

Even with a long-range plan, new 
developments and day-to-day opera- 
tion of the utility disclose matters that 
only current planning can utilize to 
improve the regular adequacy, serv- 
ice, and economy of the utility. Auto- 
matic and supervisory control of 
pumping stations and reservoirs, where 
several are involved in a system, offers 
a substantial potential saving and an 
opportunity to gain better system con- 
trol and response. As yet these sys- 
tems have not been widely accepted 
by the major water utilities, but fur- 
ther expansion may provide an excel- 
lent opportunity to assess the operation 
of stations under such control. A re- 
lated possibility is the use of a data- 
processing system on. the operating 
analysis of complicated systems to per- 
mit forecasting of day-to-day operation. 

Current planning involves obtaining 
properties for the building of works 
contemplated in the long-range pro- 
gram. Where reservoirs, pumping 
stations, and treatment plants will be 
built in the future, properties should 
be set aside as soon as_ possible. 
Money should be provided for their 
purchase to prevent excessive expendi- 
tures later. 

Observation of water that is un- 
accounted for and of system leakage 
control, if regularly carried out under 
current planning, can result in con- 
siderable economy in utility operation. 
Observation of C factor status in 
major mains discloses if capacity is 
deteriorating and if the design of fu- 
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ture mains should take any such 
changes into consideration. Regular 
checks of the distribution network 
using analyzer or computer equipment 
can usually assist in these observa- 
tions as well as revealing closed valves 
and other abnormal functions. New 
materials, the use of customer meter- 
ing, valve standardization, and accu- 
racy of meters are all matters in- 
volving current planning. The rate 
assessment policy towards new water- 
conserving devices is important. Air 
conditioning and its water require- 
ments are excellent examples. Should 
unconserved units be permitted if ap- 
propriate water rates are charged, or 
should recirculating units be required 
in any case? 

New developments in social life af- 
fect water utilities. Commercial tele- 
vision, for example, has created half 
hour peaks through the evening and a 
major peak after the late show. Evi- 
dence indicates that this may be caus- 
ing distress to utilities employing 
closed distribution systems. Current 
planning should investigate such 
matters. 


Conclusion 

A general review of an adequate 
development plan for the modern water 
utility has been presented. To oper- 
ate from year to year without a spe- 
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cific plan of future requirements is to 
court trouble. A 20-25 year plan of 
development based on 5-year programs 
assumes that adequate facilities are 
available at any time, not only to meet 
today’s requirements but those antici- 
pated 5 years hence. If such facilities 
are not established, it may well be 
that when the system suddenly shows 
its weaknesses through a_ sustained 
hot-weather period, the financial as- 
pects of a rebuilding program will 
prove catastrophic to the municipality, 
and restricted operation must be en- 
forced for several years until the weak- 
nesses can be corrected. 

To establish the necessity of an ade- 
quate development plan, the energies 
of the utility’s officers must be devoted 
to a substantial public relations pro- 
gram so that all responsible citizens 
are aware that only by planning ahead 
can the utility provide adequate service 
on a sound financial basis. 

The warning of technical experts 
from all sides is sufficient indication 
of the necessity for adequate planning. 
Rapidly increasing demands deplete 
available supplies while new industrial 
wastes threaten the sufficiency of exist- 
ing water treatment methods. Under 
such circumstances adequate planning 
on both a long-range and a current 
basis is a necessity for the proper pro- 
tection of today’s water utilities. 


A paper presented by Johnie E. Williams, Water Supt., San Angelo, 
Tex. 


Water utility managers and person- 
nel are becoming increasingly aware 
of the value of maintaining friendly 
relations with their customers and 
their community. This awareness has 
been manifested by the numerous arti- 


cles on public relations that have ap- 
peared in trade journals, and by the 
number of times that the subject has 
been included in local, state, and na- 
tional programs. Most of the pub- 
lished articles describe how a public 
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relations program operates in the com- 
munity in which the author resides. 
Few of the authors have attempted to 
outline a public relations program that 
would be adequate for any water util- 
ity, large or small. 

What is public relations in a water 
utility? It is the relationship that ex- 
ists between the utility and the people 
who do business with it. No utility or 
utility management can choose whether 
or not it will have public relations; it 
can only decide how good or bad it 
wants its public relations to be. 

Adequacy in water utility operations 
has been defined. Adequacy in water 
utility public relations is achieved 
when the public knows and under- 
stands what the utility is doing and is 
planning to do. Public relations is 
adequate when the people are confi- 
dent that the utility’s program is sound 
in engineering, economically feasible, 
and is the best program for the 
community. 

Public relations is the mirror that 
reflects the utility’s personality and its 
traits. The adequacy of these traits 
determines the overall adequacy of the 
water utility’s public relations. These 
traits include, but are not limited to, 
facilities; an informed public; trained 
and dedicated personnel; sound and 
definite policies; attractive properties, 
equipment, and personnel ; and friendly 
customer relations. 


Adequate Facilities 


The primary function of a water 
utility is to deliver to the customers 
an adequate quantity of good-quality 
water. Customers who receive these 
services are usually friendly toward 
the utility. Customers who are con- 
vinced that they are not receiving the 
service that they are entitled to receive 
will not remain sympathetic toward a 
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water utility. Adequate service is es- 
sential to adequate public relations. 


Informed Public 


Keeping the public informed of ac- 
tivities of the water utility should be 
the daily concern of every utility man- 
ager. Many managers are not fully 
aware of the interest that the public 
has in the utility’s operation. When 
water users are told how their utility 
operates and are kept advised as to 
what is taking place, public interest in 
that utility will always be active. Tell- 
ing the water utility story is essential 
to adequacy in public relations. 

In many large utilities the duty of 
telling the story is assigned to a trained 
publicity man who is the public spokes- 
man for the utility, but in medium- 
size and small ultilities, managers 
must use their own ingenuity to tell 
the story. If the community has two 
or more competing newspapers, radio, 
and television stations, written news 
releases may be required to prevent the 
news from being distorted. Many util- 
ity managers become personally ac- 
quainted with radio and television an- 
nouncers and newspaper reporters who 
have occasion to report the utility ac- 
tivities. They explain how the utility 
operates and the reason for its activi- 
ties, then rely on these men to report 
the true picture to the public. Fre- 
quently, a reporter can make an inter- 
esting story out of an incident that a 
utility manager considers insignificant. 
The author’s experience has been that 
these stories are favorable to the utility 
and its management. 

Adequate public relations will tell 
water users and the public the utility’s 
plans for growth or change. The 
public will be told why growth and 
change are needed and the estimated 
cost and schedule of this growth. Oc- 
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casionally a utility changes its plans, 
and any significant change should be 
made known to the public. An in- 
formed public is a sympathetic public, 
and adequacy dictates that the public 
be kept informed. Annual reports, 
letter stuffers, and short messages on 
postcard bills are tools frequently used 
to maintain a high standard of public 
relations. 


Trained and Dedicated Personnel 


A common weakness of utility public 
relations is the failure to give proper 
training to all personnel in the overall 
operation of the utility. Each man 
and woman in the utility family should 
know the component parts of the util- 
ity and understand their relationship to 
one another. They should be made to 


realize that they are an integral part 
of the utility organization and help 
make the utility operate. Management 


should realize that the employee is 
“Mr. Water Department” in his neigh- 
borhood, and that when his neighbors 
have a water problem, they go to him 
for the answer. If fully informed on 
the operation of his utility, the em- 
ployee can accomplish a great deal in 
promoting public understanding and 
appreciation of the utility. 


Sound and Definite Policies 


All utilities have policies, funda- 
mental rules of operation. Whether 
written or oral, they must be clear, 
concise, and reasonable. Usually both 
utility employees and the public are 
willing to comply with policies that 
are understandable and sound. Vague 
and ambiguous policies confuse both 
employees and the public, and cause 
them to feel that management does not 
know what it wants. Public relations 
suffers from this. 


WILLIAMS Jour. AWWA 
Attractive Properties, Equipment, 
and Personnel 


The public knows very little about 
the inner working of a utility, but it 
does know how the utility looks. A 
water plant does not have to be ornate 
to be attractive, but all properties and 
equipment of the utility must be kept 
as clean as operating conditions will 
permit. Adequate public relations 
cannot be maintained if dirty pickup 
trucks loaded with unsightly tools are 
permitted to cruise around town. Em- 
ployees who are tidy in their appear- 
ance become good-will ambassadors for 
the utility. Some utilities provide uni- 
forms for their employees, and this 
practice merits careful consideration 
by all utility managers. 


Friendly Customer Relations 


Water users are people who can 
think, who have pride, and who like 
to believe that they are appreciated 
customers of the utility. To maintain 
friendly relations with water customers 
and show them that they are appreci- 
ated, the utility must: 

1. Train its employees to be friendly 
and businesslike. The pleasing voice 
that answers the utility telephone and 
the friendly but businesslike cashier 
can do more to promote good public 
relations than a dozen speeches by the 
manager. 

2. Permit every person to present 
his problem to the proper employee. 
Permitting a water customer to pre- 
sent his problem, either by telephone 
or in person, may be time consuming, 
but it is essential to maintaining ade- 
quate customer and public relations. 

3. Not give answers too quickly. 
The customer should be allowed to 
state his case before he is interrupted. 
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4. Be sympathetic with the cus- 
tomer. Tell him that his problem is 
recognized. Genuine sympathy is 
soothing ointment to most irritated 
water customers. 

5. Make a definite decision, immedi- 
ately if possible. Water users respect 
and admire a utility employee who will 
make a decision, although the decision 
may not be favorable to them. If an 
immediate decision cannot be made, 
the customer should be told why it 
cannot be made. He should be told 
whom to contact in order to obtain a 
decision or when a decision can be 
made. 

6. Always follow up any problem 
that cannot be solved immediately. 

7. Admit mistakes. All utilities 


make mistakes, and the frank admis- 
sion that a mistake was made is a 
powerful weapon for making friends. 
Never make a prom- 


8. Be honest. 


ise unless it will be fulfilled. If water 
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service to a customer cannot be im- 
proved within a year, do not say that 
it will be improved in the near future. 

9. Assist customers on matters not 
related to the water utility. Give care- 
ful direction to the man who is trying 
to find the city manager’s office, even 
to the point of accompanying him if 
necessary. Explain to the lady who 
calls about a hole in the street how 
to contact the street department. 

Public relations can be improved by 
rendering such extra services as: (1) 
notifying customers when their water 
will be cut off to permit repairs, (2) 
on-the-premises checking of high 
water bill complaints, (3) assisting 
the customer in determining whether 
or not there is a water leak on the 
premises, and (4) notifying affected 
residents when a fire hydrant has been 
installed in their neighborhood. 

A water utility is no better than its 
customers think it is. 
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Physiologic and Health Aspects of 
Water Quality 


Task Group Report 


A report of Task Group 2760 P—Viruses in Water, presented on Jun. 


6, 1961, at the Annual Conference, Detroit, Mich., by H. O. Hartung 
(Chairman), Exec. Vice-Pres., St. Louis County Water Co., Univer- 


sity City, Mo. 


Other members of the task group are H. A. Faber, 


H. E. Hudson, P. W. Kabler, W. W. Sanderson, Don Williams, and 


R. L. Woodward. 


HE increasing amounts and kinds 
of pollution reaching public water 
supply sources make necessary the 
need for additional and new criteria 
of water quality control! The 1961 
USPHS Drinking Water Standards ” 
remain minimum standards of water 
quality. They do not mention several 
substances that run to waste in sewers 
and are consequently potential con- 
stituents of water supplies in at least 
trace amounts. The standards do not 
mention these substances because their 
physiologic and health aspects are 
either not known or not yet considered 
significant. High-quality water produc- 
tion in the future will depend on the 
ability of the water utility operator to 
know the sanitary significance of, and 
to measure quantitatively a wide vari- 
ety of, new pollutants. 

It may be argued that all new pol- 
lutants or potential pollutants should, 
by regulation, be kept from water sup- 
ply sources, and that therefore addi- 
tional water quality control is the re- 
sponsibility of the public health en- 
forcement officer. Desirable as this 
may be from the point of view of the 
water-consuming public and _ water 
utility operator, such policing has its 
practical limitations. Waste disposal 
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by water carriage cannot always be 
prevented even when desirable. Dis- 
posal of used water must almost al- 
ways be into natural drainage streams. 
In addition, runoff into surface 
streams from dirty city streets, con- 
taminated industrial acreage, and 
farms treated with agricultural chemi- 
cals cannot be prevented. Similarly, 
ground waters are exposed to the ef- 
fects of waste water disposal into 
streams because of infiltration. 

It may also be argued that all waste 
water should be treated prior to dis- 
posal; thus, additional quality control 
of raw-water supply becomes the re- 
sponsibility of the waste treatment 
plant engineer. Although waste water 
treatment is indispensable to quality 
control of public water supply, ne 
practical degree of waste water treat- 
ment known today will restore the 
original quality of waste-carrying 
waters.' Some pollutants are not even 
susceptible to biologic or chemical oxi- 
dation. Indications are that quality 
control of drinking water in the future 
will be dependent on the combined 
production of waste water and water 
supply treatment plants. Pollutants 
that cannot be removed in the waste 
water treatment plant, and that are 
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not kept from public water supply 
sources, must be removed in the water 
treatment plant. New treatment meth- 
ods may be needed in both plants. 


Need for New Water Quality Cri- 
teria 


The first step in the development 
of water supply control techniques for 
the future is the development of new 
water quality criteria. New criteria 
are needed not only for new pollutants 
that are deleterious to health but also 
for more common pollutants that are 
relatively harmless in small quantities, 
but which in larger quantities become 
objectionable. New knowledge must 
be acquired so that the harmful con- 
centration of any substance can be de- 
termined. Criteria must be based on 
the possible intake of substances from 
sources other than water and must 
also take into account synergisms or 
antagonisms. 

Some of the areas in which new cri- 
teria are needed were discussed at the 
Conference on Physiological Aspects 
of Water Quality, held at Washington, 
D.C., on Sep. 8 and 9, 1960.2"** The 
conference was sponsored by the Sani- 
tary Engineering and Occupational 
Health Study Section of the National 
Institutes of Health, USPHS. The 
purpose of the conference was to focus 
attention on the significance of what 
is known and what should be learned 
about the physiologic effects of certain 
constituents of water—especially min- 
erals, trace elements, insecticides, and 
organic substances. Pertinent infor- 
mation was also obtained from litera- 
ture reviewed by AWWA Task Group 
2760 P—Viruses in Water. This task 
group was directed in May 1960 to: 

1. Review the literature and make a 
survey of studies that relate to virus 
diseases transmitted by drinking water 
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2. Investigate whether any of the 
presently used water treatment proc- 
esses remove or inactivate any of the 
viruses 

3. Attempt to learn if there are 
usable, safe, water quality criteria 
against virus disease transmission 

4. Stimulate interest and make edu- 
cational reports to the AWWA Puri- 
fication Division on viruses in water 

5. Encourage studies and investiga- 
tions pertaining to virus disease trans- 
mission and public water supply. 


Viruses in Water 


Infectious hepatitis is the only virus 
disease that has been proved to be 
transmitted through public water sup- 
ply. Waterborne outbreaks of polio- 
myelitis have been suspected in at least 
two or more epidemic outbreaks.** 
In addition, public health authorities 
have postulated that certain other en- 
teric virus outbreaks may have been 
associated with a common carrier such 
as water. 

In every case of proven or strongly 
suspected waterborne infectious hepa- 
titis or poliomyelitis transmission, the 
public water supply has not con- 
formed to existing USPHS bacterio- 
logic standards. Gilcreas and Kelly *° 
pointed out, however, that under cer- 
tain conditions viruses survive longer 
than coliform organisms. It is pos- 
sible for viruses to be present in raw 
drinking water in very low concentra- 
tion even though the water is rela- 
tively free of coliform organisms. 
Whether or not such virus concentra- 
tions in water can cause disease prob- 
ably has not been determined by 
epidemiologic study. Nichols and 
Koepp ** have stated that filtration 
methods will remove bacteria much 
more readily than the virus particle. 
This conclusion was based on a study 
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by Sabin that determined the diame- 
ters of enteric viruses to be 18 mp or 
less, with the exception of the polio 
virus, which has a diameter of nearly 
30 mp. The diameters of the coliform 
group of bacteria are about 1,000 my 
or 50 times greater than most of the 
intestinal viruses known. Other in- 
vestigators have questioned whether 
virus size is a measure of filtrability. 
It is entirely possible that although 
coliform organisms serve safely to 
indicate bacterial pollution, the absence 
of coliform organisms in water is no 
assurance of the absence of intestinal 
viruses. 

Graham Walton,'* of the USPHS 
Water Supply and Water Pollution 
Research Branch, made a survey in 
1954-56 of more than 80 water treat- 
ment plants in the United States re- 
ported to have adequate bacteriologic 
data on coliform organisms and which 
treat raw waters having coliform den- 
sities in excess of USPHS recom- 
mendations. He found that: 


Although laboratory studies indicate 
that the residual chlorine levels required 
to kill or inactivate certain viruses are 
higher than those required to destroy 
coliform bacteria, there are no epidemi- 
ological data indicating that viruses sur- 
vive treatment provided by a modern, 
well operated water plant. Additional 
research is needed before this apparent 
inconsistency can be reconciled. 


An inquiry about virus disease 
transmission by drinking water was 
sent in September 1960 to the health 
departments of £0 states and 10 Cana- 
dian provinces by AWWA Task 
Group 2760 P. Of 46 health depart- 
ments that replied, seven stated that 
one or more waterborne infectious 
hepatitis outbreaks had occurred in 
their areas of jurisdiction. An ad- 
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ditional six departments indicated 
knowledge of one or more virus dis- 
ease epidemics in their states which 
could have been waterborne. The 
other health departments concluded 
either that there had been no water- 
borne disease outbreaks in their states 
or that they lacked information. The 
department reports indicated that 
where water was shown to be the 
virus carrier, the water did not meet 
USPHS bacteriologic standards. 

Although evidence at hand seems to 
indicate that waterborne outbreaks of 
infectious hepatitis from the use of 
water conforming to USPHS stand- 
ards is unlikely at the present time, 
increasing pollution of raw water sup- 
plies is cause for concern. The ques- 
tion is whether the safe level of enteric 
viral agents in water supplies can be 
controlled by existing, commonly used 
water treatment practices. This con- 
cern is valid, for it has been shown 
that primary sewage treatment does 
not significantly remove viruses and 
that activated-sludge sewage treatment 
removes only about 90 per cent of 
enteric viruses added to sewage in 
experimental tests.** 

Present knowledge is too limited to 
allow the setting of basic minimum 
chlorine doses for virus control in 
water treatment plants. Kabler and 
others ** have been able to inactivate 
several of the infectious virus strains 
in 30 min with as little as 0.3 ppm 
free chlorine residual at pH values no 
higher than 8.0-8.5 at 20°C. At 
higher pH values, at lower tempera- 
tures, or with combined chlorine dis- 
infection, virus kills have not been 
predictable.** 

At least one investigator conjectured 
that there is a correlation between the 
amount of turbidity present in filtered 
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water and the incidence of infectious 
hepatitis. He observed that where 
filtrate turbidities were kept less than 
0.2, there was a low incidence of the 
disease. Therefore adequate coagula- 
tion, settling, and filtration in addition 
to proper chlorination have been re- 
ported as desirable for the elimination 
of the infectious enteric virus."* 

From the foregoing it seems that 
there may be a need for criteria per- 
taining to viruses in water to insure 
the safety of public water supply. It 
may be added that knowledge about 
virus detection and virus removal 
methods is also required as a prerequi- 
site to future water quality control. 


Organic Contaminants 


Probably most of the new contami- 
nants reaching public water supplies 
are organic compounds. These come 
from chemicals used as insecticides, 
fertilizers, detergents, automotive fuels, 
lubricants, paints, and from many 
other types of industrial production. 
The identification and detection of 
physiologically harmful organic mate- 
rials in water is a new frontier in water 
quality control. 

The literature does not report any 
direct and acute physiologic damage 
to humans as a result of the consump- 
tion of organic materials in concentra- 
tions now found in public water sup- 
plies. Manmade organics, however, 
are known to be responsible for taste 
and odor in drinking water, off-tastes 
in fish, fouling of ion-exchange mate- 
rials, foaming, high chlorine demands, 
and coagulation problems. Then, too, 
knowledge gained from the examina- 
tion of chloroform-soluble organic 


materials in connection with studies 
of causes of tastes and odors suggests 
that a careful assessment of the long- 
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term physiologic effect of organic con- 
taminants in water is now timely.* 
The carbon chloroform extract 
(CCE) technique developed by 
USPHS at Cincinnati may be the tool 
with which new organic criteria for 
water quality will be developed. 
Middleton,* using the CCE technique, 
found these materials in river and 
drinking waters: DDT, aldrin, ortho- 
nitrochlorobenzene, tetralin, naphthal- 
ene, chloroethylether, acetophenone, 
diphenyl ether, pyridine, nitriles, acidic 
materials, aldehydes, ketones, and al- 


cohols. Safe limits of any of these 
materials in water remain to be 
established. 


The 1961 USPHS Drinking Water 
Standards ? limit CCE for the first time 
to 200 ppb. It has been observed that 
water containing more than 200 ppb 
of these materials will generally have 
an objectionable taste and odor. On 
the other hand, some waters having 
objectionable tastes and odors may 
contain less than 100 ppb of these or- 
ganics. Because the long-time effect of 
drinking water containing chloroform- 
soluble organics has not been fully as- 
sessed, and because chloroform-soluble 
organics may comprise an almost un- 
limited number of chemicals, addi- 
tional criteria for organics in water 
are needed. 


Insecticides and Pesticides 


The increased use of insecticides and 
pesticides has led to at least potentially 
serious drinking water contamination 
through spillage, drift, and runoff from 
treated land. In 1957, about 46,000,000 
acres of land in the United States 
were sprayed from airplanes for the 
control of such agricultural pests as 
the boll weevil, fire ant, Mediterranean 
fruit fly, Japanese beetle, grasshopper, 
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and mosquito."* Spraying for ground 
and other general applications account 
for an even greater use of insecticide 
and pesticide chemicals. 

More needs to be known about the 
effect on water quality when a lake 
or stream receives insecticides, pesti- 
cides, and other agricultural chemicals 
from spillage or as the result of exten- 
sive normal use. The water supply 
profession needs to be informed as to 
what quantities of these materials— 
singly or in combination with other 
materials—constitute a public health 
hazard. DDT has already been recov- 
ered from the largest rivers in the 
United States in concentrations as high 
as 0.02 ppm. Although this concen- 
tration has been considered too small 
to affect humans,” the criteria for an 
unsafe amount of DDT in water based 
on long-term consumption should be 
studied further. 

In addition to DDT, these chemicals 
for pest control are also in prevalent 
use and could be in public water sup- 
ply sources: BHC, strobane, TDE, 
rotenone, toxaphene, heptachlor, diel- 
drin, and malathion. Some of these 
are not readily subject to biologic oxi- 
dation. Some, like rotenone and 
toxaphene, can be removed from water 
with activated carbon,’* provided that 
the concentration of activated carbon 
is sufficiently large and the contact 
time is sufficiently long. 

Public health workers have gener- 
ally concluded that when insecticides 
and pesticides are not present in water 
in sufficient quantities to kill fish, they 
will not constitute a public health 
hazard in drinking water.’* If this 
can be established as fact, and lacking 
other means for testing, public water 
supply laboratories may be required 
to install flowthrough -fish aquariums 
containing fish of the proper sensitivity 
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for water quality control. At the pres- 
ent time, the greatest danger from in- 
secticides and pesticides seems to be 
from accidental spillage or from the 
washing out of spray equipment and 
tanks. 


Cancer Hazards 
Hueper * reported that: 


Very little definite information is on 
hand concerning the existence and types 
of actual and potential cancer hazards 
to man which may originate from the 
presence of recognized or potential car- 
cinogens in water. Carcinogenic sub- 
stances may be introduced into public 
water supplies not only with the dis- 
charge of urban and domestic sewage and 
the release of industrial wastes, but also 
by the pollution of ground and surface 
waters with atmospheric carcinogenic 
contaminants present in rain water. 


Carcinogens that may be introduced 
into sources of drinking water come 
from certain inorganic and organic 
chemicals, radioactive materials, vi- 
ruses, petroleum waste, and coal tars. 

Hueper further suggested that a 
critical appraisal of the present status 
and prospective development of cancer 
hazards created by water pollutants 
appears timely. He supported his 
contention for such study by making 
several observations. One of these is 
from a study by Diels and Tromp from 
Holland, who found cancer death rates 
in municipalities with certain kinds of 
water systems to be lower than the 
death rates in municipalities without a 
water system or in those obtaining 
water from certain river supplies. In 
addition, Wedgewood and Cooper are 
reported to have isolated two car- 
cinogens—3,4-benzpyrene and_ 1,2- 
benzanthracene—from sewage sludge 
in England. The possibility that these 
substances reached public water sup- 
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plies was not established. Hueper 
concluded that, although a study of 
cancer-causing substances in water is 
timely, the worst that can be stated at 
the present time regarding cancer haz- 
ards from specifically polluted water 
is that the prolonged consumption of 
such water will contribute to the ex- 
posed individual’s total carcinogenic 
burden from all sources. 


Other Criteria 


The 1961 USPHS Drinking Water 
Standards? consider the growing num- 
ber of potentially harmful chemicals 
in sources of drinking water. The 
committee formulating the standards 
established safe limits for all chemicals 
where reliable information about tox- 
icity was available. The 1961 stand- 
ards have added concentration limits 
not appearing in the 1946 standards 
for these ubstances: alkyl benzene 
sulfonate, barium, cadmium, cyanide, 
silver nitrate, CCE, and radioactivity. 
Still missing from the standards are 
limits for the inorganic chemicals va- 
nadium and molybdenum. 


Mineral Requirements 


Although the water utility is pre- 
dominantly concerned with limits for 
impurities in waters, at least one rec- 
ognized nutritionist has suggested 
drinking water as a food source of 
trace elements required by the human 
body.* His suggestion seems to imply 
not that such trace elements should be 
added to public water supplies as flu- 
orides are now added, but that their 
presence or absence be taken into ac- 
count in prescribing proper diet. 
Among the chemicals mentioned as 
possibly present in drinking water and 
of physiologic benefit to the human 
body are trace quantities of iodine, 
calcium, iron, magnesium, zinc, and 
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molybdenum. Obviously the water 
utility operator needs not only criteria 
for establishing desirable amounts of 
trace minerals in water but also safe- 
limit criteria. 


Summary 


There is a definite lack of knowl- 
edge from which criteria for limited 
amounts of some potentially toxic 
chemicals or excessive amounts of 
some common minerals in water can 
be formulated. The physiologic ef- 
fects of consuming, over long periods 
of time, many potentially toxic mate- 
rials is not now known. Increasing 
pollution of raw water sources from 
growing population centers, expand- 
ing industry, development and new 
uses of chemicals, and higher stand- 
ards of living resulting in greater 
usage of chemicals make further study 
imperative. Many chemical constitu- 
ents of water, such as those composing 
CCE, have never been identified. 
Even the methods for the analysis of 
these organic materials remain to be 
developed before criteria can be estab- 
lished. Development of improved 
technology for water quality control 
should be accepted as a challenge by 
the scientist and engineer both in and 
outside the water utility field. 
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Development of Water Quality Ideals 


Elwood L. Bean 


A paper presented on Jun. 6, 1961, at the Annual Conference, De- 


troit, Mich., by Elwood L. Bean, Chief, Treatment Sec., Water Dept., 


Philadelphia, Pa. 


T the 1960 Conference at Bal 

Harbour, Fla., the author out- 
lined the progress in thinking of 
Committee 2225 M—Purification and 
Treatment with reference to quality 
water standards as professional stand- 
ards. The need for professional goals 
is definite. 

The 1961 Drinking Water Stand- 
ards have been published. These 
standards are not such as to alter the 
situation appreciably. It is stated that 
the mandatory limits are: “Limits 
which, if exceeded, shall be grounds 
for rejection of the supply.” The rec- 
ommended limits are: “Limits which 
should not be exceeded whenever more 
suitable supplies are, or can be made 
available at reasonable cost.” These 
cannot be considered as goals for a 
profession. They are only such as 
may assist USPHS in the fulfillment 
of its functions within governmental 
restrictions. 

Thus the committee, in its assign- 
ment of delineating a quality water, 
cannot take the easy way and refer to 
the Drinking Water Standards on nu- 
merous matters of quality. To de- 
lineate a truly good-quality water, it 
seems necessary that definite designa- 
tions be prescribed by the committee 
on 30 or more different characteristics. 

It is now agreed that the point of 
applicability of goals of quality should 
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be at representative points in the dis- 
tribution, as near to the ultimate con- 
sumer as possible. It is the consumer 
who is the ultimate judge of the prod- 
uct, and it is he who must be satisfied 
if the utility is to enjoy a good rela- 
tionship with its public. 


Standards or Ideals 


The committee encountered great 
difficulty with the problem of setting 
up any schedule that would be desig- 
nated as a standard. There is an aver- 
sion by many against setting up any 
standard. This designation carries 
more than an implication of a passing 
grade—more than a stigma of failure 
for those who cannot meet the sched- 
ule set up, perhaps through no fault 
of their own, but because of source 
characteristics or other reasons. There 
is also the possibility of liability or 
even legal involvements. On the other 
hand, ideals or goals are desirable in 
all branches of activity. The author 
has long since stopped thinking of any 
schedule regarding quality as a stand- 
ard, but thinks of it as an ideal. In 
the author’s opinion, this change in 
the background is necessary for any 
formulation that can be widely applied, 
considering the great variation of fac- 
tors involved for the thousands of 
varied locations, as a yardstick of qual- 
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ity and never as an implication of 
condemnation. 

With ideals rather than standards 
in mind, the qualities of an ideal water 
are being delineated on a level such 
that many supplies can conform on 
many points, but no supply will con- 
form on all points, because of the 
variation in the natural sources. In 
rating a supply, therefore, none will 
have a perfect score. These are not 
ideals carried to infinity. In fact, the 
sensitivity of present test methods 
might control the limit on some char- 
acteristics. They may be termed prac- 
tical ideals or goals. 

In theory, these basic quality figures 
would be applicable to individual test 
results. In practice, they might be 
better applied to a series or group of 
analyses, because of the lack of dupli- 
cability in sampling techniques and 
testing results. 


Rating System 


Development of a rating system is 
progressing around a flexible concept 
that the rating should be applicable 
to as many systems of analytic data 
or spans of time as possible. If a 
series of daily tests with the monthly 
average is available, the rating should 
be applicable. If the monthly averages 
and their yearly averages only are 
available, the rating system should still 
be applicable. If only single determi- 
nations of some or all characteristics 
are available to the rater, some method 
of application should be available. 
Where no data are available on some 
characteristics, the rating system should 
be applicable to those available, al- 
though a penalty should attach for not 
having full data available. The com- 
mittee is not construcing an inflexible, 


ELWOOD L. BEAN 


Jour. AWWA 


legal, enforcement rating. The rating 
should be possible to apply using 
whatever span of time or number of 
analyses might be available to the 
rater. 

If the rating were to be used for 
competitive comparisons, as has been 
mentioned as a possibility, then rules 
of the competition would necessarily 
have to delineate the period covered, 
the frequency of tests, and other mat- 
ters required for fair competition. 
The committee is now of the opinion 
that 1 year should be the basis for any 
such comparative ratings. 

For general application, in deter- 
mining the magnitudes set up in the 
rating, one of the basic concepts being 
considered is that programs for analy- 
ses should include: 

1. Daily tests on those characteris- 
tics that may be subject to rapid or 
frequent change. This group would 
generally include turbidity, sediment, 
color, pH, bacteria, chlorine residuals, 
odor, taste, and possibly alkalinity, 
iron, and manganese. 

2. Series of semiweekly tests on 
characteristics that change somewhat 
less frequently or are of less vital sig- 
nificance in: (1) potability, (2) ap- 
pearance, and (3) use of the water, 
within the range of changes in char- 
acteristics that may occur in the par- 
ticular water. This group might in- 
clude some of the characteristics men- 
tioned previously, as well as ammonia, 
nitrite, nitrate, chlorides, dissolved 
oxygen, and carbon dioxide. 

3. Series of weekly tests on charac- 
teristics that change somewhat infre- 
quently or are of less vital significance 
than those mentioned above. 

4. Monthly tests of characteristics 
that are relatively constant, such as 
minerals. 
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The series of daily tests or semi- 
weekly tests mentioned need not be 
interpreted to mean a series of tests 
taken daily or semiweekly at one point, 
but should be groups of tests taken at 
many representative points in distribu- 
tion, some points being tested daily, 
others semiweekly. 

The system should be equally appli- 
cable to yearly averages of a series of 
monthly averages on the various char- 
acteristics. This would generally pro- 
duce somewhat less penalty points, as 
the daily variation of quality would 
be averaged out, exceeding the penalty 
points less often. 

If only a single test result is avail- 
able for rating, the application of any 
point system becomes a matter of indi- 
vidual judgment as to the points al- 
lowed, unless the result is below the 
basic limit, or above the amount al- 
lowable with the maximum penalty 
points specified. Lack of any data 
would be a more serious matter than 
the specific point rating allowed on a 
single test. 

Application of any type of rating 
requires individual determination by 
the rater of the applicability of many 
points to the specific water or system 
being rated. The individual who 
would have sufficient imagination or 
interest to attempt the application of 
a rating, however, would probably also 
have sufficient imagination to resolve 
its application. 


Analytic Data Sources 


In connection with sampling and 
and analyses, the 1961 Drinking Water 
Standard? states: “Compliance with 
the bacteriological requirements of 
these standards shall be based on ex- 
amination of samples collected at rep- 
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resentative points throughout the dis- 
tribution system.” This seems definite 
and well worded. In a following sec- 
tion, it is stated that “. . . provided 
. . . laboratory methods and technical 
competence of the laboratory personnel 
are approved,” samples examined by 
the reporting agency, the local govern- 
ment laboratories, the water supply 
authority, and commercial laboratories 
may be included. In the section on 
chemical characteristics, it is stated: 
“Where the concentration of a sub- 
stance is not expected to increase in 
processing and distribution, available 
and acceptable source water analyses 
performed in accordance with standard 
methods may be used as evidence of 
compliance with these standards.” 
Data of USGS in “Water Supply Pa- 
pers” and of USPHS in “National 
Water Quality Network” are men- 
tioned. Application of these principles 
of using available data would mate- 
rially reduce the burden of assembling 
a rating for many systems. 


Contents of Committee Report 


It is expected that a later report of 
the committee will contain sections on 
the following subjects: (1) introduc- 
tion and statement of purposes, (2) 
outline of functional specifications of 
an ideal water, (3) statement of spe- 
cific quality limits on the various char- 
acteristics of an ideal water, (4) state- 
ments regarding techniques, with ref- 
erence to some of the controversial or 
not completely standardized proce- 
dures, such as those for ABS, organ- 
ics, and odors, (5) rating schedule 
for water quality, purification, and 
treatment, (6) statements explaining 
intent of the various classification rat- 
ings and application of penalty assign- 
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ments, and (7) statements as to appli- 
cability and uses of the rating, mean- 
ing of the ranges in rating, and total 
rating scores. 


Ideal Qualities 


According to present thinking, some 
of the limits for ideal quality are: 

1. Turbidity—0.1 scale unit or less. 
Is this too strict? Not at all; one sup- 
ply is known to be supplying water 
with turbidity of less than 0.1 on ap- 
proximately 90 per cent of its tap 
samples. 

2. Suspended matter—O0.1 ppm or 
less. 

3. Color—3 scale units or less. 

4. Odor—no change on carbon con- 
tact (method to be defined). 

5. Taste—none. 

6. Fluoride—the standard scale as 
recommended by USPHS is based on 
years of study and seems the present 
undisputed ideal. There would be a 
penalty for water with concentrations 
over the optimum. 

7. Phenolic compounds—as tastes 
may be determined with only 1 ppb 
of some phenolics, this material should 
be present in a concentration of no 
more than 0.5 ppb. 

8. Chloroform solubles and alcohol 
solubles from carbon adsorption—these 
materials are conglomerates that can- 
not generally be analyzed sufficiently 
to know the many compounds present. 
But it is known that they might con- 
tain toxic substances; therefore, the 
totals should be strictly limited. Val- 
ues of 40 ppb for chloroform solubles 
and 100 ppb for alcohol solubles are 
being considered as ideals. 

9. ABS—the only practical measure 
of the presence of detergents, pres- 
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ently, is the methylene blue test. This 
is applicable with respect to about 75 
per cent of household detergents. 
No adverse physiological effects are 
known as the result of drinking water 
that contains detergent, although tastes 
will occur above an ABS content of 
about 1 ppm. Foaming may occur 
at a concentration of about 0.5 ppm. 
The ideal water should contain no 
more than 0.2 ppm. 

10. Corrosion and scaling charac- 
teristics—control of these items seems 
to require principally a balancing of 
alkalinity, carbonate, dissolved solids, 
and pH. There are various methods 
of control. The method of control will 
not be delineated. The measure of 
corrosion or deposition will be the 
amount shown on standard coupons 
inserted in mains, probably for a pe- 
riod of one year. 

11. Bacteria—coliform organisms 
are, of course, the most practical indi- 
cators of pollution, and the effective- 
ness of treatment and sterilization. It 
is believed the ideal quality water 
should contain far less of these indi- 
cator organisms than is allowed by 
existing standards, perhaps no more 
than 1 per cent as many. 

12. Radioactivity—data as to safe 
or unsafe concentrations of radioactiv- 
ity are all too sketchy. A US De- 
partment of Commerce handbook ? 
gave as a critical factor for lifetime 
use a gross activity of 0.1 pyc/ml. 
The factor presently under considera- 
tion for the ideal is one half of that 
amount. Incidentally, this would be 
5 per cent of the gross beta activity 
maximum in the Drinking Water 
Standards. Limits for Strontium 90 
and Radium 226 are also under 
consideration. 
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13. Organic phosphorus, chlorinated 
hydrocarbon insecticides, and virus 
control may be omitted, as the com- 
mittee feels that information on these 
does not presently warrant a deter- 
mination as to what should be ideal. 
These are being studied and data may 
later warrant their inclusion. 
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Water Quality Definitions and Research 


S. Kenneth Love 


A paper presented on Jun. 6, 1961, at the Annual Conference, Detroit, 
Mich., by S. Kenneth Love, Chief, Quality of Water Branch, US 
Geological Survey, Washington, D.C. 


N recent years much has been writ- 

ten and more has been spoken about 
water quality. This new attention to 
water quality is encouraging, but the 
term water quality has not been de- 
fined in simple language that means 
the same to all people. Like many 
other terms, water quality is used in 
one way by the public health engineer, 
in quite another way by the industrial 
engineer, and in yet another by the 
agriculturist. This article presents a 
discussion of the uses of water quality 
in several fields of interest and out- 
lines the kinds of research studies being 
made to satisfy major interests. 


Quality of Natural Water 


In order to understand the effects of 
what man puts into water, it is neces- 
sary to know first what is naturally in 
it and the quantities and sources of 
these added materials. Freshly evapo- 
rated water vapor from the ocean or 
other bodies of water immediately 
mixes with gases of the atmosphere. 
When water vapor condenses, it ab- 
sorbs oxygen, carbon dioxide, and 
traces of other atmospheric gases. 
Running over the surface of the ground 
or percolating into the ground, water 
dissolves soil and rock materials. If 
these materials are derived from crys- 
talline rocks, the water flowing over 
or through them will contain low con- 
centrations of dissolved solids. If the 
materials are derived from sedimentary 


rocks, the water will contain moderate 
or large concentrations of dissolved 
solids. 

Natural-water quality is affected by 
particulate matter transported in 
streams. Practically all surface water 
contains suspended sediment that re- 
sults from natural hydrologic and geo- 
logic processes of erosion. 

The introduction of dissolved and 
suspended material into water by natu- 
ral processes is essentially beyond 
man’s control. These natural contri- 
butions are frequently grouped to- 
gether and labeled “natural pollution.” 
The author objects to using the term 
pollution, with its pejorative connota- 
tion, in connection with functions that 
have been in existence since the world 
began. Pollution should be used to 
imply the degradation of water quality 
only by the activities of man, as this 
qualification seems to be accepted by 
the general public. 


Water Quality in Public Health 


Good water quality has been identi- 
fied by the general public with water 
that is safe to drink. State boards of 
health and public water supply agen- 
cies have maintained increasing vigi- 
lance over water consumed by the gen- 


eral public. The success of this vigi- 
lance is demonstrated by the drastic 
reduction in waterborne diseases in the 
past 50 years. Few would disagree 
that chlorine, in one form or another, 
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has been the principal disinfecting 
agent responsible for the successful 
control of waterborne diseases. 

To the public, a potable water sup- 
ply that contains no harmful organisms 
is identified with water of good qual- 
ity. Water that does not meet high 
standards of excellence from a health 
viewpoint is labeled as being of poor 
quality. This public concept is under- 
standable and also fortunate. It keeps 
operators of water treatment plants 
alert and requires that they maintain 
the highest possible standards of qual- 
ity at all times. 


Water Quality in Industry 


In industrial parlance, water quality 
is used without reference to the con- 
cept of potability. A water of suit- 
able quality for industrial use may or 
may not be acceptable for human con- 
sumption. Generally, except for water 
used for cooling, industrial water 
must contain smaller amounts of dis- 
solved solids than water that is ac- 
ceptable for public supply. Industrial 
water uses may be divided into four 
groups: cooling, process, production of 
steam, and generation of electric 
power. 

Water for cooling can be used in a 
wide range of quality. Dissolved solids 
may range from only a few parts per 
million to the amount in sea water, 
which is about 35,000 ppm. It need 
not be free of poilutants, either organic 
or inorganic. It is frequently advan- 
tageous, however, to remove or inhibit 
the growth of bacteria and other or- 
ganisms to reduce troublesome fouling 
of cooling equipment. Treatment to 
prevent or reduce corrosion is also 
common. 

Process water—water incorporated 
into or coming in intimate contact with 
manufactured products—is subject to 
many kinds of quality requirements, 
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usually rigidly controlled. Water used 
in the manufacture of textiles must be 
low in dissolved solids and free of iron 
and manganese. The pulp and paper 
industry, especially where high-grade 
paper is made, requires water in which 
all heavy metals are absent or present 
in very small concentrations. The 
beverage industry requires water free 
of iron, manganese, and particulate 
matter, and free of bacteria and organ- 
isms of all kinds. 

Water quality requirements for the 
production of steam are becoming in- 
creasingly exacting. This is especially 
true for water used in high-pressure 
boilers where pressures exceeding 
1,000 psi are common. For these high 
pressures, dissolved solids must be 
kept very low, often at less than 0.5 
ppm, and dissolved oxygen at less than 
0.05 ppm. No natural water can meet 
these requirements. To meet such 
rigid specifications, the raw water has 
to be treated in various ways. The 
better the quality of the raw water, the 
less costly are the treatment processes. 

Hydroelectric-power generation has 
very few requirements as to water 
quality. An adequate head of clear 
water is the principal factor. Turbid 
water can be tolerated but is undesira- 
ble because it erodes turbine blades. 
Silica in water sometimes causes trou- 
ble by adhering to turbine blades. 
Generally, water suitable for other pur- 
poses is satisfactory for hydroelectric- 
power generation. 


Water Quality in Agriculture 


When irrigation was being devel- 
oped in the western states, little atten- 
tion was given to the quality of the 
water. If the water was wet and there 
was plenty of it, not much else mat- 
tered. Attention might well have been 
given to experiences of ancient civiliza- 
tions where water quality was a prime 
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factor in national survival. Archeo- 
logic studies indicate that the decline 
of the semiarid country of Mesopo- 
tamia, which developed elaborate irri- 
gation systems, was in large measure 
caused by destruction of soil fertility 
and by unfavorable salt balance. Simi- 
lar catastrophes occurred in Egypt and 
among the early Indian civilizations in 
what are today the southwestern 
states. 

In the western states, hundreds of 
acres have had to be removed from 
agricultural use owing to accumulation 
of salts in the soil. Soil impairment 
known as white alkali is fairly 
common. 

Knowledge of the quality of the ap- 
plied water and provision for adequate 
drainage have contributed much to 
maintaining crop lands in productive 
condition. Soil amendments have re- 
claimed some land that had been forced 


out of production. 

Water quality information required 
for intelligent irrigation practices in- 
cludes data on electric conductivity, 
calcium, sodium, bicarbonate, sulfate, 
sodium adsorption ratio, boron, and 


salt balance. In order to calculate salt 
balance, data on the quantity of water 
applied, water removed by drainage, 
and losses by evaporation are also 
required. 


Water Quality in Wildlife Manage- 
ment 


Before the last decade or two, not 
much attention was given to the qual- 
ity of water as related to wildlife and 
aquatic life. With the great expansion 
in fishing, hunting, and outdoor recrea- 
tion in recent years, people interested 
in these activities have become more 
vocal. The principal quality factors 
that favor wildlife and aquatic life are 
high dissolved oxygen, freedom from 
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turbidity, low dissolved solids, and ab- 
sence of all forms of man-made or 
man-caused pollution. 

Wildlife enthusiasts strongly recom- 
mend that rivers and lakes be kept 
in their original, natural state and that 
nothing be done to impair their high 
quality. This idealistic viewpoint be- 
comes increasingly difficult to maintain 
as evidence is seen of dynamic geo- 
chemical and atmospheric forces at 
work. For example, the atmosphere 
contains varying amounts of very small 
particles of evaporated salts that origi- 
nate in the ocean or on the land 
surface. Increasing amounts of man- 
made pollutants are also being dis- 
charged to the atmosphere. These in- 
clude fission products from nuclear 
bombs, industrial waste gases, and 
automotive exhaust gases. Precipita- 
tion contains varying concentrations 
of these contaminants. Thus, it may 
be stated categorically that even fresh- 
fallen rain and snow are not the pure 
substances that the public generally 
considers them to be. 


Water Reuse 


Practically all studies of water re- 
sources made in recent years empha- 
size the greatly increasing water de- 
mands for all purposes. Already the 
demand exceeds the currently available 
supply in many areas. In some sec- 
tions of the country, water is used sev- 
eral times between its original with- 
drawal and its final discharge to the 
ocean. The practice of reusing water 
is certain to increase. 

Water quality is degraded in one 
way or another following almost every 
use except the development of power. 
Most uses will result in the addition 
of suspended or dissolved matter to 
the water. Some uses add _ heat. 
The problem is to find ways to keep 
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the quality as high as possible through 
proper treatment and other means of 
pollution control. 


Research on Water Quality 


Water quality means different things 
to groups of people with different back- 
grounds and interests; investigations 
of water quality needed to determine 
the potability of water are quite differ- 
ent from those needed to evaluate wa- 
ters for industrial, agricultural, and 
other uses. Although some of the basic 
data will serve more than one need, 
a specific data collection program sel- 
dom will serve all needs. Further- 
more, it must be recognized that data 
alone, no matter how reliable or how 
voluminous, will not solve water prob- 
lems. Only when pertinent, reliable 
data are intelligently evaluated and 
applied will water problems be solved. 
Thus, better communication and un- 
derstanding are needed between the 
scientists and engineers making studies 
and the management groups who have 
responsibility for solving the problems. 

The effective approach to water 
problems depends on many kinds of 
research studies. Research is needed 
to develop and use water resources 
effectively for all beneficial purposes. 
Some of the kinds of research that 
must be continued and expanded are: 

Geochemical research. For a better 
understanding of how rock and soil 
materials are dissolved and retained in 
water, iuadamental geochemical stud- 
ies must be made. What factors con- 
trol the equilibrium between liquid and 
solid? Oxidation-reduction potential, 
hydrogen ion activity, and solubility 
constants are a few such factors. How 
do they operate in nature? How will 
knowledge of these factors affect the 
withdrawal of water from and recharge 
of water to water-bearing formations? 
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It is known from experience that in 
places, geochemical forces are partly 
responsible for decreasing withdrawal 
or recharge rates, but only limited 
knowledge of the factors involved is 
available. 

Modern technology makes it essen- 
tial to know what will happen when 
radioactive wastes are discharged into 
surface and ground waters. How will 
the wastes diffuse and mix with the 
receiving water? How much waste 
will be adsorbed on stream sediments, 
and under what conditions? Will ad- 
sorption be temporary or permanent? 
How fast will the radioactive sediment 
move downstream? How and under 
what conditions will the radioactive 
waste be taken up by animal or plant 
life, and when will it be released to 
the fresh-water or ocean water environ- 
ment? These and many other ques- 
tions need answering. Partial answers 
are already available, but much re- 
search remains to be done. 

The biologic life processes in streams 
and lakes greatly influence the water. 
For example, troublesome tastes and 
odors associated with plankton blooms 
periodically plague water utility per- 
sonnel. Such life processes also affect 
the geochemistry of water by depress- 
ing or enhancing the solubility of min- 
erals in contact with water. Research 
is needed to answer specific questions 
about the role of aquatic organisms in 
the translocation of suspended and 
dissolved constituents. 

Much research effort has been spent 
in developing water requirements for 
industrial use. The kinds of treatment 
that are used to tailor water for spe- 
cific purposes are familiar. They in- 
clude filtration, disinfection, degasifi- 
cation, softening, removal of heavy 
metals, demineralization, treatment to 
retard corrosion, and many others. 
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Research to improve existing proce- 
dures and to develop new kinds of 
treatment is increasing in magnitude 
and scope. For example, the federal 
government is supporting research in 
the demineralization of water. The 
detergent industry is looking for bio- 
logically soft materials that can be 
oxidized naturally or in sewage dis- 
posal plants into simple, nonobjection- 
able compounds. Users of radioactive 
materials are searching for safe, eco- 
nomical means for disposing of wastes. 

Many people think that the tech- 
niques to produce and distribute water 
for public consumption and use have 
reached the ultimate. Dirty, polluted 
surface water can be made bacteri- 
ologically safe and usually palatable 
by appropriate treatment. Solid mat- 
ter is coagulated, clear water is pro- 
duced by filtration, carbon removes 
tastes and odors, chlorine disinfects 


the water, and chemicals render it 
noncorrosive. 

Perhaps water utility personnel are 
too satisfied with their knowledge of 
treatment of public supplies. Jar tests 
for optimum formation of floc have been 


standard for many decades. Faster 
methods for determining the filtrabil- 
ity of water are needed. Recent re- 
search indicates that improved proce- 
dures for determining filtrability are 
being developed. 
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Taste and odor problems are in- 
creasing. Activated charcoal is effec- 
tive in many instances, but it is messy 
to handle and relatively expensive. 
Superchlorination is also effective for 
certain tastes and odors but frequently 
leaves chlorine tastes and odors that 
may be as objectionable as the original 
troublemaker. Improved methods for 
removing tastes and odors are needed. 

Additional research should discover 
cheaper and more efficient means for 
retarding corrosion and preventing in- 
crustation of water mains. 


Conclusion 


Any attempt to define the term water 
quality in simple language cannot suc- 
ceed. The increasing complexity of 
quality requirements to satisfy the vari- 
ous uses of water makes it impossible 
to establish a definition that is appli- 
cable in every context. Instead, the 
scientific and engineering professions 
that deal with water should develop 
meaningful and understandable quality 
criteria for each kind of water use. 
Information on these criteria should 
be made available to all agencies and 
persons responsible for regulating the 
discharge of waste water to natural 
water courses. Substantial progress 
in this direction has been made, but 
opportunity for greater progress lies 
ahead. 
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HIS article illustrates the use of 

instrumentation and automation 
in three types of water supply opera- 
tion. The first application is in boos- 
ter station operation in the system of 
the Municipal Authority of Westmore- 
land County, Greensburg, Pa. The 
second is in wells and storage in the 
Haddon Heights division of the New 
Jersey Water Co. The third is in a 
new filtration and pumping plant re- 
cently placed in service in the South 
Pittsburgh Water Co. system serving 
suburban Pittsburgh, Pa. 

Automation is largely the result of 
technological development stimulated 
by the necessity to combat rapidly 
mounting costs (chiefly labor), the 
need for closer supervision, and the 
desire to improve the product con- 
stantly. Instrumentation and automa- 
tion are becoming more and more 
complex. Instruments and machines 
shoot a man into space and run entire 
plants automatically. Even the cow- 
boy is bowing to automation. In the 
water supply field, automation has in- 
creased to such an extent that most 
people are unable to keep up with 
many of its advances. 

Instrumentation by itself does not 
provide automation, but it is usually 
an important element, providing the 


Three Applications of Instrumentation 
and Automation 


Ellwood H. Aldrich 


A paper presented on Jun. 5, 1961, at the Annual Conference, Detroit, 
Mich., by Ellwood H. Aldrich, Engr. Cons., American Water Works 
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sensing and activating mechanism by 
which automatic operations can he per- 
formed and controlled. 

It should be pointed out plainly that 
increased instrumentation and automa- 
tion is not necessarily a panacea for 
all water supply problems. Automa- 
tion cannot take the place of judgment 
in performing many of the duties in- 
volved in water production and serv- 
ice. A machine has not yet been in- 
vented that can think; that is, exercise 
judgment and reasoning power. <Auto- 
mation can, however, perform accu- 
rately and quickly many tasks in which 
human efforts are slow, and in which 
failures can and do occur, 

Transmission, control, and evalu- 
ation elements for automatic operation 
are available. Sensing devices are of- 
fered for measuring chlorine residual, 
pH, oxidation-reducing potential, con- 
ductivity, alkalinity, fiuoride, turbidity, 
color, hardness, and sludge densities. 
Complete automation may involve au- 
tomatic analyzers and computer mecha- 
nisms in the laboratory as well as the 
means for translating laboratory re- 
sults into action in the treatment proc- 
ess. The measurement and control of 
pressure, temperature, liquid level, and 
fluid flow are quite common in the 
water supply field. 
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Booster Station Automation 


The first example of automation is 
a booster pumping installation in the 
distribution system of the Municipal 
Authority of Westmoreland County, 
Greensburg, Pa. It is a rather small 
installation, requiring special treat- 
ment. The problems presented in 
this case were solved, it is believed, 
in a new manner. 

Greensburg, located near the center 
of the area served by the authority 
(which serves a large part of West- 
moreland County), gets its supply 
from three sources in different direc- 
tions. The major supply comes from 
the Beaver Run Reservoir, 16 mi 
north. To provide sufficient water for 
the future at adequate pressure in the 
central Greensburg area, either sub- 
stantial pipe reinforcing or an auto- 
matically operated and controlled boos- 
ter station was required. It is neces- 
sary to maintain a hydraulic elevation 
of not less than 1,275 ft above mean 
sea level and not more than 1,300 ft 
in central Greensburg in order to give 
satisfactory service. A 5 mil gal tank 
maintains an elevation of about 1,315 
ft at the southerly end of a 36-in. trans- 
mission main from the Beaver Run 
supply. Thus only 15-40 ft of head 
was available for friction losses in 
some 28,000 ft of parallel mains, gen- 
erally only 12-18-in. in diameter, to 
the center of Greensburg. The plan- 
ning was further complicated by two 
minor supply points, as well as by high 
areas and the need to limit pressures 
in the system because a considerable 
amount of cement pipe was in the 
system. The installation of a parallel 
reinforcing main was impractical be- 
cause a main large enough to eliminate 
the need for some repumping would 
cost too much. 

Automatic operation of a new boos- 
ter station at rates of 3-10 mgd was 
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provided by installing, among other 
units, two identical pumps, each driven 
through a flexible coupling by a 
variable-speed magnetic drive, in turn 
driven through a flexible coupling by 
200-hp squirrel cage motors. The 
electric power control center provides 
automatic control of the two pumps by 
regulating pump speeds and the num- 
ber of pumps in use so as to maintain 
a constant water pressure 5 mi away 
in Greensburg. No telemetering of 
pressure from the city to the station 
is involved. A certain static pressure 
at the pump discharge (with no flow) 
corresponds to the desired constant 
pressure in Greensburg. The increase 
in pump discharge above static repre- 
sents friction, and varies as the 1.85 
power of the rate of flow. The differ- 
ential increase above static and the 
differential venturi meter pressures 
vary in approximately the same values. 
Any deviation results in changing the 
pump speed and delivery so as to re- 
store the relationship. When the ca- 
pacity of one pump is exceeded, the 
second pump starts up slowly. As it 
assumes part of the load, the speed of 
the first pump is slowly decreased to 
equalize the differentials and the pump 
speeds. The reverse happens when 
the load drops off. Automatic means 
are provided if one unit fails to func- 
tion properly. Also, the pump con- 
trols can be adjusted if higher or lower 
constant pressure at the remote point 
is desired. 

In simple language, the booster 
pumping installation is automated and 
controlled by a pressure-flow relation- 
ship based on a station head curve 
computed on predetermined friction 
losses of transmisson to a _ remote 
point. This maintains constant pres- 
sures at that point without telemeter- 
ing assistance. 
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The various elements of the installa- 
tion include a venturi tube; a record- 
ing pressure gage; a differential trans- 
mitter; a square-root converter; and 
an indicating, recording, and totaling 
flowmeter instrument. The devices 
for accomplishing the pump controls 
further include deviation controller 
and magnetic amplifiers. 


Remote Operation of Wells and 
Storage 


The second example of instrumenta- 
tion and automation consists of a su- 
pervisory control system for the entire 
Haddon Heights division of the New 
Jersey Water Co. 

The Haddon Heights system gets 
its water supply from ten widely dis- 
tributed well stations. Clear-water 
storage is provided by seven elevated 
tanks and six ground storage reser- 
voirs, also widely separated. 

The ultimate system will have four- 
teen well stations with a total of 32 
wells and 25 high-service pumps. 
Each of the 57 pumps will have super- 
visory control with reportback. Each 
pump can be operated from the cen- 
tral control with a hand-off-auto se- 
lector switch. 

The telemetered functions include 
station pressures, flows from all sta- 
tions, and water levels in all tanks. 
Determinations of pH and chlorine re- 
sidual, as well as iron removal filter 
operation, will be reported from cer- 
tain stations. The transmission meth- 
ods involve tone control equipment, 
either of the single-tone or tone-shift 
principle. Each telemeter function has 
its own tone channel which it does 
not share with any other function. 
The supervisory functions use tone- 
shift transmitters; by using a coding 
method, the number of separate func- 
tions handled by a given number of 
tone channels is increased. 
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From central control at a distribu- 
tion center the operator can select to 
run the pump in manual position, shut 
the pump off, or select the automatic 
position. When central control is in 
automatic for any given pump, the 
pump will start and stop by signals 
from a liquid level controller or pres- 
sure switch at the pump. Each station 
has its own local control system from 
liquid level or pressure controller. In 
the event of a transmission line, equip- 
ment, or power failure at central con- 
trol, all pumps are automatically put 
onto the automatic position with local 
control in effect. This is accomplished 
by the use of a guard channel, which 
must be present for any central con- 
trol change of positions. 

Five well stations have iron removal 
facilities whose filters must be washed 
at periodic intervals. While the opera- 
tor at central control cannot start or 
stop a wash cycle, he will know when 
a unit is being washed. He will know 
the accumulated filter runs and thus 
will know when the filters should be 
washed and when the filters have re- 
turned to their normal operating posi- 
tion following a wash cycle. This in- 
volves one-way supervisory control of 
61 valves. 

The central control panel of the 
console type is 18 ft long and has 48 
strip chart recording instruments. 
Each pump in the system has its 
own hand-off-auto selector switch and 
reportback lights. Each filter has a 
timer and light to indicate the valve 


positions. 


Automatic Filter Operation 


For a number of convincing reasons, 
the major one being the increasingly 
higher costs of construction,  self- 
contained purification units were devel- 
oped and installed at Alexandria, Va., 
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over 12 years ago.** Because these 
units were remote from the point of 
operation control, the development of 
instrumentation and control that would 
perform automatically the several 
steps in the washing cycle of the filter 
units was required.* 

Over the past 12 years the first four 
units at Alexandria have been in- 
creased to twelve, which have a total 
nominal capacity of 27 mgd. No sub- 
stantial difficulties have arisen in the 
automatic features included in the 
original design. The author’s firm has 
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trols. Venturi meter-actuated, rate- 
controlling butterfly valves have taken 
the place of the conventional filter rate 
controllers. Miniature instruments are 
generally used. Self-contained illumi- 
nated and diagramed control boards 
present pictures of each plant’s oper- 
ating features. 


E. H. Aldrich Station 


The new Shire Oaks station of the 
South Pittsburgh Water Co., dedicated 
in September 1961 as the E. H., 
Aldrich Station, is a complete, largely 
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Plan of E. H. Aldrich Station, Shire Oaks 


Present capacity of the station is 25 mgd, with accommodation for future expansion 
to 100 mgd. 


installed similar automated units at 
fifteen different plants in its system— 
for example, in Peoria and East St. 
Louis, Ill.; Joplin, Mo.; Lexington, 
Ky.; Summit, N.J.; and Greenwich, 
Conn.—with a combined nominal fil- 
tration rate of over 150 mgd. 

Some changes and improvements 
have been made over the years. Pneu- 
matically controlled, rubber-seated but- 
terfly valves are now used in place of 
hydraulic gate valves. Flow into indi- 
vidual units is controlled by level con- 


automatically operated and controlled 
water purification and pumping plant. 

The Monongahela River, its source 
of water, is continuously polluted with 
acid mine wastes. Proper treatment 
calls for acid neutralization, coagula- 
tion, and at times, water softening. 
This station was designed to meet 
these special problems and is unusual 
in its use of several chemicals not 
normally used in public water treat- 
ment, and in its use of all-slurry or 
solution chemical storage and applica- 
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tion. A visitor will look in vain for 
the customary dry-chemical feeders 
and overhead storage hoppers for 
chemicals. In their place he will see 
steel tanks, lined and unlined, to meet 
the requirements of the liquid chemi- 
cals being stored. There are concrete 
slurry tanks for carbon, located under 
a railroad siding; equipment to slur- 
rify, produce, and store concentrated 
softening reagents, and chemical feed 
pumps. 

Control features include remote con- 
trol of automatic filter operations, auto- 
matically paced application of chemi- 
cals, and complete, continuous record- 
ing of all essential operations at a cen- 
tral point. They also include the con- 
trol of the remote operation of raw- 
water intake pumps and relay pumps, 
as well as high-lift pumps located in 
the same building. The customary 
water level, pressure, and flow record- 
ers from numerous points are also 
provided. 


Plant Description 


Figure 1 shows the plan of the 
plant. It has a capacity of 25 mgd, 
with provisions incorporated in the 
design to allow for future expansions 
to 100 mgd. The water is taken from 
the river through a sectional intake 
providing for three pumps in each sec- 
tion. Passing through bar racks and 
traveling water screens, the water is 
pumped to the purification plant by 
three vertical pumps, two of which are 
rated at 10 mgd, and one at 5 mgd. 

At the intake, the pumps discharge 
through a 42-in. line about 1,000 ft 
long tunneled under nineteen railroad 
tracks to a chemical vault where pre- 
treatment chemicals are added. Leav- 
ing the chemical vault, the treated 
water proceeds through a valve house 
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where it splits into separate influent 
lines, each serving a purification unit. 

Each purification unit (Fig. 2) is 
constructed as three concentric steel 
shells containing a center column 
through which the water is fed into 
the unit. Soda ash is applied here. 
The settling compartment contains a 
mechanism * with four arms, two of 
which are equipped with sludge rakes 
to convey settled sludge to the center 
well, from which it is blown off to 
waste. From the settling compart- 
ment, the water flows over a weir into 
the filter compartment and _ variable- 
width wash water gullet. As the 
water travels over the settling com- 
partment weir, it is treated with sul- 
furic acid for conversion of carbonates 
to bicarbonates. Radial wash water 
troughs are provided in the filter com- 
partment. The water leaving the 
filter compartment passes through a 
venturi tube equipped with a butterfly 
valve which, together, form a rate con- 


troller. Then it enters a 1-mil gal 
clear well. All filter valves are pneu- 
matically controlled, rubber-seated, 


butterfly valves. 

The entire plantsite, including the 
intake and provision for future addi- 
tions to 100-mgd capacity, encom- 
passes an area of 6 acres. This is 
equal to 0.06 acre per mgd capacity— 
an unusually small area. 


Chemicals 


This plant is unique in its use, at 
times, of nine different chemicals, all 
in liquid form. All chemicals, except 
chlorine, are pumped into the system 
with metering pumps having remote 
variable-speed and stroke adjustment. 


* HydroTreater, Dorr-Oliver, Inc., Stam- 
ford, Conn. 
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Caustic soda, alum, sulfuric acid, 
and hydrofluosilicic acid are purchased 
and stored in liquid state. Carbon is 
purchased dry and prepared into a 
slurry at the plant. Sodium chlorite 
and sodium hexametaphosphate * are 
stored dry but fed in solution form. 
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charges into a slurrifier. Through the 
use of a recycling pump, the soda ash 
is slurried into a monohydrate form 
by mixing with the soda ash solution, 
which is being repumped into the slur- 
rifier. During this time, steam or hot 
water is applied through a bottom 


Fig. 2. View of E. H. Aldrich Station 


Intake is in far background, across tracks and on river. 


Control building and two 


of four purification units are in foreground. 


Chlorine is purchased in 1-ton con- 
tainers in the liquid and gaseous state 
and fed with standard chlorinators. 

Soda ash is purchased in the dry 
state and stored + in two tanks. It is 
believed that this is the first installa- 
tion of its type in the water supply 
field. The soda ash is unloaded from 
cars by a vacuum pump which dis- 


* Calgon, Calgon, Inc., Pittsburgh, Pa. 
+ Using a system designed by Diamond 
Alkali Co., Cleveland, Ohio. 


sparging system to keep the tempera- 
ture above 95.7°F, the freezing point 


of the monohydrate. The sparging 
produces a layer of saturated solution 
in the top of the tank which is 30 
per cent soda ash solution. Soda ash 
can be added to the tank until 92 per 
cent of the tank’s volume is slurry and 
8 per cent is saturated solution. 

Concentrated sludge withdrawn from 
the purification units is collected in a 
basin and pumped to an abandoned 
mine some distance away. 
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Centralized Control 


The control building contains the 
high-service and wash water pumps, 
chemical storage and feed equipment, 
a clearwell, a laboratory, an office, 
and a central control room. The cen- 
tral control room (Fig. 3) is laid out 
in the shape of a hexagon, with five 
of the walls containing control panels. 
From this room, which has a gross 
area of less than 1,400 sqft, every 
control required to operate the plant, 
including remote elements of the intake 
and relay station, can be performed. 


Centralized Graphic Panels 


Due to the large number of ‘oca- 
tions having equipment under control 
from this plant, and to the amount of 
information required, there was only 
one solution to the problem of panel 
size and readability—miniature instru- 
ments on a graphic of the plant layout, 
color coded. 

Miniature recorders permit all 
panels to be fitted into one room, even 
with provision for future expansion. 
Mounting the information in a graphic 
of the plant layout permits easy corre- 
lation of how each piece of informa- 
tion affects the rest of the system. 
Color coding of each flow line provides 
quick visual comprehension of the 
information. 

The color graphic panel not only 
reduces space requirements and in- 
creases the ability of the operator to 
understand what he sees, but it also 
provides an attractive room and serves 
as a tool to facilitate explanation of 
system operation to visitors. 


Master Control Panel 


The level of water inside the travel- 
ing screen at the river can be seen on 
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the graphic panel in a vertical-scale 
type of indicator. When the screen is 
dirty, a red light on the graphic symbol 
is energized, and an alarm rings on 
the console. The amount of raw 
water pumped from the river is meas- 
ured, recorded, and totaled. This 
paces the chemical feeders, as will be 
described later. 

As the purification units cannot be 
seen from the control room, the op- 
erator is dependent on the instruments 
for his knowledge of operation. Level 
is indicated and controlled, effluent is 
recorded and controlled, the position 
of each of the four filter valves is con- 
trollable, and their position is shown 
on back-lighted legend plates. The 
loss of head is also recorded on the 
effluent flow chart. A high loss ener- 
gizes a flashing legend plate, as well 
as an audible alarm on the main panel. 

While the backwash program is 
completely automatic, it must be initi- 
ated manually. Under each loss-of- 
head light is a start button to initiate 
the backwash cycle for that filter. In 
between is a legend plate energized 
when the backwash valve is open or 
when the automatic backwash cycle is 
in operation. Controls allow only one 
unit to be backwashed at a time, and 
the system is interlocked so that a 
second backwash cannot be started in- 
advertently. This automatic system 
has eight important features: 

1. It is as foolproof as is reasonably 
possible. Each step is interlocked so 
that the cycle cannot proceed without 
the preceding step having taken place. 
If, for example, the effluent valve does 
not close, the drain valve will not open. 
And if the drain valve does not open, 
the backwash valve cannot open. This 
interlock covers each step in the proc- 
ess and provides the assurance that a 
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backwashing sequence on completion 
did more than just go through the 
motions. Every step must take place 
in the proper rotation. 

2. The filter is allowed to drop to a 
preset level before the effluent valve 
is closed and the backwash valve is 
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opened. This minimizes loss of water 
on top of the filter. 

3. Provision is included for back- 
washing at a low rate, a high rate, 
then the low rate again. Duration and 
amount of each rate is independently 
adjustable at the panel. 


Fig. 3. Control Room, E. H. Aldrich Station 


Purification controls are on left-hand wall, graphic panel on right. 


Console is in 


foreground. 
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4. A warning light is energized on 
the panel and at each filter 1 min be- 
fore the end of the high backwash rate. 
If visual observation of the filter indi- 
cates the need for additional backwash 
time, the duration of the high back- 
wash rate can be extended by depress- 
ing a pushbutton either at the unit or 
at the panel. 

5. At any time during the cycle, the 
backwash can be interrupted by turn- 
ing the manual-auto switch. This 
automatically returns the valves to 
their original positions in rotation and 
interlocks them, placing the filter 
under manual control. Again, failure 
of one step to take place prevents the 
next step from starting. 

6. To reduce chart usage and pro- 
vide greater readability for the wash 
water flow recorder, the chart does not 
start until the wash water flow starts. 

7. The feeding of chemicals into a 
specific unit is automatically stopped 
during a backwash cycle, as will be 
described later. 

8. At the end of the backwash cycle, 
the unit is automatically placed back 
in service with all valves in their cor- 
rect position, filtering at the desired 
rate. 

In addition to the automatic and 
manual valve controls for each unit 
inside the main control building, a 
separate panel for manual control is 
provided for each unit in the valve 
house. This house is located in the 
center of four units, where each panel 
is near the valves it operates. 

The influent into each unit is indi- 
vidually throttled to maintain a pre- 
determined and adjustable level. Dur- 
ing backwash, this level drops to the 
weir between the internal chambers, 
and automatically increases to the de- 
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sired height at the end of the cycle. 
The scale on the influent level instru- 
ment is specially marked to show the 
level of the wash water troughs, the 
weir, and the overflow to drain. 

At all times the effluent flow rate 
is automatically controlled. Each filter 
control panel has a set point adjust- 
ment on the effluent flow recorder. 
The effluents from all filters, how- 
ever, are summarized and indicated on 
the main panel. A selector switch at 
this point places all filters either under 
their own control adjustment, or places 
them all under the master control 
unit. This keeps a preset flow rate 
through the plant, independent of the 
number of filters in service. If one 
filter is shut down or taken out of 
service, the rest of the filters take up 
the reduction in flow. A _ limiting 
device, however, prevents the auto- 
matic system from requiring an un- 
desirable flow rate from any filter. 
When under master automatic control, 
all filters operate at the same flow 
rate. 

The water for backwashing is sup- 
plied from a wash water standpipe 
situated next to the units at a higher 
elevation. The level is visible on the 
graphic diagram on a vertical scale 
indicator. Preset high and low levels 
flash the appropriate light above and 
below the indicator and sound an audi- 
ble alarm. 

The backwash flow rate is recorded, 
totaled, and controlled at a preset rate. 
When a unit is backwashed manually, 
this flow rate can be manually in- 
creased or decreased to match the 
automatic system. 

All effluents feed into a common 
clearwell, the level of which is visible 
in the graphic panel on another verti- 
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cal scale indicator. Again, preset 
high and low levels flash the symbol- 
mounted lights and energize an audi- 
ble alarm. In addition, if the clear- 
well level rises above a preset level, 
all filter effluent flow rates are auto- 
matically reduced simultaneously until 
they reach zero. 

The clearwell supplies the water for 
both the high-service and the backwash 
pumps. The high-service flow from 
the station is measured, recorded, and 
totaled on the panel. This completes 
the Shire Oaks operation, but there is 
other equipment on the panel. 

To summarize, a clogged screen at 
the river intake will sound an alarm, 
chemical addition will be automatically 
paced, flow to the clearwell will be 
automatically increased or reduced to 
match the system demand, reduced 
filter effluent will reduce raw-water 
flow to each unit, and water will be 
automatically kept at safe levels. The 
only manpower needed in this opera- 
tion is to initiate the backwash cycle 
and to silence the audible alarms. 

As for the other equipment on the 
panel, two system storage facilities are 
shown on the graphic panel—one at 
the relay pumping station and one at 
Rocky Ridge. Levels of each are indi- 
cated and recorded in graphic symbols. 
In addition, flow from the relay pump- 
ing station is recorded and totaled, and 
pressure at this point is recorded. 

This panel has its own integral 
alarm system. The type of audible 
alarm is different for each panel and 
console. Pushbuttons are provided for 
testing all the lights to make sure 
bulbs are live. 

The entire control system has been 
designed so that the third set of four 
units will necessitate duplicate flow 
lines and venturi meters. Provision 
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has been made on the panel for dupli- 
cate flow recorders and totalizers for 
raw water, Shire Oaks service, and 
relay station high service. Only addi- 
tional filter panels will be required for 
expansion, one for each unit. 


Master Console 


The console, mounted facing the 
main graphic panel, works in conjunc- 
tion with and supplements the infor- 
mation on the panel. Each of the 
three sloping surfaces contains con- 
trols and lights for different physical 
locations. The left-hand side covers 
the river intake station; the right-hand 
side, the relay station; the center sec- 
tion, the main station. 

For the raw-water pumping station 
at the river intake, there is control and 
indication of operation of raw-water 
pumps, screens and_ screen-wash 
pumps, plus an alarm for a low water 
level inside the screen and for trans- 
mission failure. Indications generally 
are by means of back-lighted legend 
plates, eliminating the need for both 
a bull’s-eye light and a legend plate. 


Control Equipment 


Although many signals are being 
transmitted in each direction between 
Shire Oaks and the intake, Shire Oaks 
and the relay station, Shire Oaks and 
Rocky Ridge, and Shire Oaks and the 
Hayes Mine station, only one pair of 
telephone wires between locations is 
needed. Each process variable—flow, 
level, pressure, and others—is continu- 
ally transmitted by means of a sepa- 
rate tone signal. All supervisory con- 
trols are transmitted over the same 
tone signal. 

Six design features make the super- 
visory system as foolproof as possible: 
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1. Although signals are transmitted 
on a time-sharing basis, less than 2 
sec is required to transmit any com- 
mand. An additional second elapses 
for the reportback. Normally, no 
transmission occurs until a new signal 
is to be transmitted. Therefore, any 
change in condition is transmitted 
immediately. 

2. Because more than one signal 
may require simultaneous transmis- 
sion, the system has a built-in priority 
order, permitting the signals from 
Shire Oaks to be transmitted first. 
All other signals are stored until 
transmitted. 

3. If a discrepancy occurs between 
the instructions and the results, the 
audible alarm will sound and the spe- 
cific light will flash. When the audible 
alarm has been silenced, the correct 
condition of the pump or motor will 
be indicated. 

4. At any time, all reportback sig- 
nals can be reconfirmed by depressing 
an all-scan button. This will erase all 
lights and re-energize them on the 
basis of the existing contacts at the 
transmission end. 

5. If for some reason any transmis- 
sion signal cannot be correlated at any 
receiver, all points are automatically 
scanned, reconfirming every reportback 
light or providing an audible and flash- 
ing alarm in the case of discrepancy 
between the original command and the 
reportback. 

6. If a transmission failure occurs, 
the audible and visible alarm system 
will be energized at the Shire Oaks 
location. 

Common to all console sections are 
four pushbuttons: One to silence the 
audible alarm in the console, one to 
test all lights, one to stop a flashing 
light after the horn has been silenced 


INSTRUMENTATION AND AUTOMATION 1381 


and corrective action initiated, and 
one to initiate the all-scan. In opera- 
tion, this system is as foolproof as 
possible. 

Provision has been made in the 
system for addition of more units, 
pumps, and equipment to bring the 
plant to its ultimate 100-mgd capacity, 
as the demands require. 

For the relay station, controls and 
lights are presently provided for three 
high-service pumps. Lights only are 
provided to indicate openings of the 
cone valves for these pumps, as well 
as alarm lights for transmission fail- 
ure, under frequency, and _ breaker 
open. The same type of supervisory 
control is involved here as described 
above, providing the same dependa- 
bility of system operation. 

The central console sestion includes 
controls for the station equipment. 
In addition to the four pushbuttons 
mentioned above, control is included 
for pump speed for the variable-speed 
motor, for wash water pumps, as well 
as indication for both sets of pumps. 
A telephone permits conversation with 
all essential points in the system while 
remaining at the control cubicle. 

Although the elaborate supervisory 
control system provided for the intake 
and relay panel sections is not re- 
quired, because of the direct connec- 
tions and proximity of the high-service 
pumps and motors, the functional 
operation of the pushbuttons and lights 
is identical. For example, any dis- 
crepancy between commands and re- 
sults will cause a flashing light and 
audible alarm. 


Chemical Feed Panel 


The size and complexity of this 
project have necessitated many un- 
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usual features, but the chemical feed 
panel and type of control represented 
are unique features of the installation. 
The graphic diagram on the chemical 
feed panel duplicates the water flow 
lines of the main graphic panel, but 
includes details and controls that 
would only confuse the basic panel. 
This panel has been designed to handle 
the first four purification units, with 
provisions for the addition of four 
more. When the third group of four 
units is built, a second chemical feed 
panel will be required. 

As on the other panels and console, 
back-lighted legend plates are provided 
to show pump and alarm conditions. 
Every attempt has been made to 
change automatically the rate of the 
chemical feed in ratio with the raw- 
water flow, and to record and total 
the chemicals fed. The only manual 
controls are those to select (in the 
chemical feed room) which chemical 
pumps will operate. A standby pump 
has been provided for each chemical. 
Manually removing a pump from auto- 
matic control disconnects its controls 
and contacts from the main chemical 
feed panel. The panel has a separate 
color line for each chemical to make it 
easier to understand what is happening. 

The alum, carbon slurry, caustic, 
and soda ash pumps have adjustable 
speed and adjustable stroke control. 
The raw-water flow signal automati- 
cally adjusts the speed of each of the 
pumps that is operating. All of these 
pumps, except that for caustic, have a 
manual adjustment on the main panel 
for adjusting the stroke that changes 
the chemical dose. Therefore, the 
amount of chemical feed is directly 
proportioned to speed and stroke, is 
recorded, and is totaled on the main 
panel. 


ELLWOOD H. 


ALDRICH Jour. AWWA 


To adjust the caustic pump stroke, 
the pH of the raw-water flow is moni- 
tored beyond the points where the 
alum, carbon, and caustic are injected 
and beyond the point of prechlorina- 
tion. The amount of caustic fed is 
adjusted by the pH controller to pro- 
vide the exact pH value desired. High 
or low pH values actuate an audible 
alarm and flashing backlighted legend 
plates. 

As soda ash is fed simultaneously 
to each of the four purification units, 
provision has been made to stop the 
flow to any unit when the raw water 
flow into that unit ceases. Any man- 
ual or automatic closing of the influent 
valve of any unit will automatically 
stop the flow of soda ash to that unit. 

The sulfuric acid flows from a 
constant-head tank to each of the four 
units through control valves and in- 
jectors. This permits measurement 
and control of the acid when it is the 
least corrosive. The amount of flow 
to each unit is individually adjustable 
on the panel by changing the pressure 
drop across the valve. Whenever the 
raw-water valve to any unit is closed, 
the sulfuric-acid valve is also closed. 

The hydrofluosilicic-acid pump has 
only stroke adjustment, made manu- 
ally on the panel. This chemical, as 
well as sodium hexametaphosphate and 
sodium chlorite, is fed into the clear- 
well. The amount of the acid is re- 
corded and totaled, and the operation 
of the pump is indicated on the graphic 
symbol of the pump. 

The starting, stopping, and adjust- 
ment of the postchlorinator, as well as 
of the sodium hexametaphosphate and 
sodium chlorite pumps, are not accom- 
plished at the panel. The operation of 
these pumps, however, is indicated in 
the pump symbol on the graphic panel. 
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In addition to the above controls, 
the pH values at six locations are 
measured and recorded on one strip 
chart: the raw water before addition 
of any chemicals, the treated water in 
each of the four purification units, and 
the clear water as it is pumped from 
the Shire Oaks plant. Provision has 
been made to add a second recorder 
for the second four units. 

No additional provision for increas- 
ing the chemical feed pumps is neces- 
sary. All, except the soda ash pumps, 
can be adjusted to provide twice the 
output at a later date. Because two 
soda ash pumps will have to operate 
in parallel in the future anyway, lights 
for each pump have already been in- 
stalled, although the second pump is 
temporarily used as a spare. 

Each alarm system has a separate, 
flashing system and a_ distinctive- 
sounding horn, in addition to its own 
alarm silencing and light test push- 
buttons. All lights will be on back- 
lighted legend plate, eliminating the 
need for an additional nameplate. 

In conjunction with the main control 
panel, the chemical feed panel provides 
a maximum of automatic control re- 
sponses to a wide variety of conditions, 
alerting the operator only when trouble 
occurs. This frees the operator from 


routine or repetitive chores, permitting 
him to concentrate on other duties. 


Kenneth F. Knowlton 


Supt. & Chemist, Salem and Beverly 
Water Supply Board, Beverly, Mass. 


In his article, Aldrich has presented 
three examples of instrumentation and 
automation or control in what he de- 
scribes as smaller systems. His 
smaller systems make that of the 
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In the two panel sections reserved 
for the controls of the last eight puri- 
fication units, to be installed in the 
future, a general plan and an elevation 
diagram of the major elements of the 
entire South Pittsburgh system are 
presented. The plan is generally to 
scale, but the elevation diagram is 
distorted. Lights are provided at the 
major points of interest in the system. 
A tape recorder public address system 
gives a short general description of 
the system, with a more detailed de- 
scription of the Shire Oaks plant. 
This is keyed into the panel system 
to light up the appropriate light when 
talking about a specific facility. In 
this manner the author’s firm has at- 
tempted to further a good public rela- 
tions program, as well as to present 
a well developed description of the 
system and plant. At the same time, 
it relieves plant personnel of the tedi- 
ous duty of repeating the story many 
times over. 
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Salem and Beverly (Mass.) Water 
Supply Board appear almost miniature 
by comparison. The one treatment 
plant of this utility had an original 
described capacity of 8 mgd, but has 
operated at more than double this rate. 

Many factors are common to the 
smallest and largest plants. The 
major factor, in the writer’s opinion, 
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1384 INSTRUMENTATION AND 
is the necessity for carefully fitting 
instrumentation and control to the indi- 
vidual plant. This must be handled 
in close cooperation between the engi- 
neers, the operators, and the equip- 
ment suppliers. Modern instrumenta- 
tion has been little known in the water 
treatment field until the past 5 or 10 
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instrumentation and control features 
over the past few years. This has been 
of major benefit in operating safely at 
maximum rates. 


Evolution of Beverly Equipment 


At first, a new instrument, a receiver- 
recorder or perhaps a controller, was 
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Fig. 4. Flowmeters and Alum Control 


veraging totalizer and special controller connect with this system through linear 
transmitters in the primary flow meters. 


years. It is difficult for the engineers 
to learn all the new details, for the 
manufacturers to fully understand the 
demands of the water industry, and 
for the operators to overcome their 
distrust of new gadgetry. 

Although the writer’s system is 
small, it has made good use of new 


installed with the case temporarily 
mounted on a wall. As experience 
grew and the picture of expansion 
became more clear, the utility was able 
to make a schematic sketch of what it 
wished to accomplish in recording and 
controlling plant operations. This 
sketch showed the information that the 
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engineers wanted to record and the 
processes they wished to control by 
instrument. Copies were given freely 
to all equipment salesmen who came 
to the plant, and in about a year the 
engineers were able to work out what 
they believe to be a very simple, ade- 
quate, and inexpensive control panel. 
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superintendent or any operator coming 
on shift could see at a glance what had 
been going on before. This has 
proven a great timesaver and conven- 
ience where only one operator is on 
each shift. 

It would be misleading to say that 
the utility no longer has any operating 
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This panel, 9 ft long by 6.5 ft high, 
contains ten full-sized circular chart 
instruments plus some smaller gages 
and signal lights. It stands in the of- 
fice and has an 18-in.-wide desk top 
in front with book cases, desk drawers, 
and chart storage beneath. All the 
newer charts have 7-day _ records. 
These were specifically chosen so the 


Fig. 5. Total Flowmeter and Dry-Chemical and Chlorinator Control 


Ratio controller is in the alum control system. 


difficulties. Instruments do not oper- 
ate forever without some care, but the 
writer believes that there is less trouble 
with the new equipment than with the 
old, heavy, manual equipment. Many 
apparent troubles stem from the im- 
mediate knowledge of variations in 
feed rates and water quality. These 
variations formerly passed unnoticed. 
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Much of the utility’s increased treat- 
ment potential can be attributed to the 
fact that all chemical doses and filter 
rates pace themselves automatically 
with the rate at which water is pumped 
into the treatment plant. Thus the de- 
mands for water can be followed accu- 
rately, allowing the operator to pay 
attention to water quality and quantity 
rather than to adjusting feeders and 
filter controllers. 

This control is largely responsible 
for the ability of the physical plant, 
built 25 years ago and rated at 8 mgd 
with peaks to 10 mgd, to operate at a 
minimum flow rate of 10 mgd with 
peaks to 18 mgd. The plant has had 
a maximum net output of 16 mgd in 
24 hr. 

In Fig. 4 and 5, flowmeters and con- 
trols for alum, dry chemicals, and chlo- 
rine are diagramed. The two parts of 
the chemical control system are co- 
ordinated as indicated in the figures. 
Figure 6 shows the pneumatic filter 


control setup. 
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This method of automatic control was 
found suitable for the Salem and Beverly 
system, 


— 
Fa — 
. 
: 
4 


Right of Way for a Dallas Pipeline 


Henry J]. Graeser 


A paper presented on Jun. 8, 1961, at the Annual Conference, Detroit, 
Mich., by Henry J. Graeser, Supt., Water Works, Dallas, Tex. 


S cities progress from villages to 

metropolitan areas, local supplies 
such as wells or nearby rivers often 
prove inadequate. This forces the 
communities to go afar for additional 
supply, and distant sources involve 
pipelines of high cost and large diame- 
ter. Cost considerations determine 
the most expedient routing of these 
facilities. A 100- or 200-ft detour 
often costs more than the land in- 
volved in rural communities. Mains 
of 60-90 in. diameter cost $60—$100 
per foot. It does not take many feet 
of this type of line to buy a modest 
residential bungalow or a considerable 
portion of a farm. These mains also 
require additional working room in 
addition to normal easement. It is 
quite difficult to place a 72-in. main in 
a 50-ft public right of way. 

Thought must be given to right-of- 
way acquisition. Many communities 
have a main under a building or in a 
basement because somebody thought 
“maybe it won’t break until after I 
leave.” This may have been the re- 
sult of easements without specific 
terms, or of simple failure to realize 
what would happen when the city 
grew. 

Federal road policy toward utilities 
has also aggravated certain easement 
and right-of-way problems. As road 
planners do not want the responsibility 
of considering pipeline easement prob- 


lems, utility planners should think of 
their own easements where lines can 
be located adjacent to highways. 
Service must be rendered because 
roads create frontages. Utility plan- 
ners might as well face the fact that 
they cannot depend on free right of 
way from state and local agencies in 
all cases. 


Local Right of Way 


For the most part, the right of way 
is available in city streets, but in areas 
like New York City, Chicago, or some 
of the older cities it is getting increas- 
ingly impossible to find a spot. Dallas 
city planners have never really en- 
visioned what the downtown area 
would be. Dallas streets are narrow 
and the clutter of utilities has already 
become a_ practical impossibility. 
Thanks to rock formation in most of 
the downtown area, the problem has 
been solved simply by building a util- 
ity tunnel far below everything else 
and moving small and inadequate 
sanitary sewerage and water facilities 
into the larger system below. A por- 
tion of the tunnel back that encases 
the sanitary sewer is covered with 
concrete, thus constructing a combined 
utilidor with both water and sewer in 
the same tunnel. Of course, a future 
subway builer may find this structure 
inconvenient, but the tunnel planners 
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tried to leave as much room as possible 
for the subway above. 

In rapidly developing areas in the 
community, where the property has 
not been platted, the Dallas water de- 
partment has adopted a policy of re- 
quiring an easement for street pur- 
poses and absolute exclusion of any 
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Fig. 1. Work Map of Tract K-100 


The tract shown has 180 acres, and the 
right of way across it 4.83 acres. 


applies predominantly to water. Sani- 
tary sewer easements will often allow 
construction of facilities over them as 
long as no footing rests directly on 
the utility. 

The presence of a sewage utility 
under a possible structure is more ex- 
cusable than a water line, because its 
location is dictated by terrain. This 
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is not recommended procedure, but it 
happens. 


Long Pipelines 


The more pressing problem now 
seems to be the routing through rural 
communities of pipelines linking large 
municipalities with distant sources of 
supply. The problem of dealing with 
farmers and traversing land in the 
most direct route is an old story with 
the gas pipeline and oil companies 
throughout the country. Generally, 
the price of gas and oil makes it more 
expeditious to pay a generous price for 
easements than to go around the land 
in question. Water, being a less 
lucrative product, dictates more careful 
economics. 

Dallas is presently building a 33-mi 
pipeline from Sabine River to a new 
plant on the east side of the city. The 
first-stage pipeline is only 72 in. in 
diameter, but it was deemed advisable 
to provide space for an additional 
72-in. pipe in a few years, as well as 
room for a power line. The decision 
was made to buy right of way 120 ft 
wide in fee simple. The city con- 
cluded that county easements should 
be purchased in fee rather than an 
easement taken for this width of right 
of way. The city has had consider- 
able experience in settling crop dam- 
ages where repairs or alterations have 
been required on lines in easements. 
When the continued expense of this 
is added up, together with the fact 
that very often an easement will re- 
ceive nearly as high an award as fee 
simple, it was decided to purchase the 
right of way in fee. The easements 
required by many power companies 
are fee simple in all respects except 
the actual transfer of title and the 
payment of crop damages. The au- 
thor doubts that any significant say- 
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ings are realized by such procedure. 
With an underground utility, the 
farmer has free use of the land on the 
surface, provided he does not build 
any structures. In addition, he is re- 
lieved of taxes on the easement land. 
Of course, this does not receive wide 
acclaim, even from the farmer who is 
having his property traversed by this 
facility. Many farmers have had un- 
fortunate experiences with other utili- 
ties and with highway programs, so 
resentment is stiffening throughout 
the area. A new type of lawyer, the 
professional condemnation lawyer, has 
sprung up. These people are adept in 
condemnation law and get their repu- 
tation by winning exhorbitant awards 
for properties required by the state. 
The interstate highway program has 
probably brought them a lot of 
business. 


Acquisition of Right of Way 


A planned approach is highly ad- 
visable for rights of way. Although 
each city has its own forms and proce- 
dures, the Dallas procedure is outlined 
here. This procedure has been a suc- 
cessful approach to acquisition of right 
of way. A common beginning point 
is a land survey. On the Dallas pipe- 
line, an aerial survey offered the most 
economical solution for preliminary lo- 
cation of the pipeline. Contours, ob- 
structions, and other features of terrain 
important to the line location and cost 
could thus be chosen and evaluated. 

When an approximate line has been 
established, field surveys were carried 
out. Using deed records from county 
files, right-of-way surveys were tied 
to an appropriate property line on 
each tract of land affected. With this 
information at hand, the land appraiser 
prepared an appraisal work sheet. 
From the data a work map is prepared 
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(Fig. 1). All factors of possible value 
are noted by the appraiser, and the 
land is appraised in individual tracts 
according to its use and value. A 
separate sheet is available if building 
and other improvements are on the 
land. When the appraisal is com- 
pleted, the package is forwarded to the 
negotiator and to the city engineering 
division for their files as a source of 
reference data. The completed report 
and appraisal includes, in addition to 
the work sheet, a cover page describ- 
ing the tract and a general memo of 
report about the owner and his re- 
action to the acquisition of the prop- 
erty. Thus there is a legal descrip- 
tion, a plat of survey, the appraiser’s 
plat, and a certificate by the appraiser 
that he made the necessary survey. 
This report of appraisal is then avail- 
able to the negotiator to contact the 
property owner in an attempt to ob- 
tain an easement or as in the case of 
Dallas, a contract to obtain the land 
in fee simple. 

The contract to convey has certain 
special considerations that recognize 
rights of the property owner to use 
the land as long as it does not inter- 
fere with operation and maintenance 
of the pipeline. Gas and oil being an 
item of value, the contract allows the 
owner to retain all mineral rights, but 
reserves certain restrictions as to drill- 
ing or exploration which might dam- 
age the structures or impair the right 
of entry. The seller is given all rights 
to use the surface of the land for agri- 
culture and grazing purposes in con- 
nection with his abutting property. 
The city, however, reserves unlimited 
egress and ingress when necessary 
without liability, but with proper pre- 
cautions to prevent the escape of cattle 
or damage to fences. In this connec- 
tion, the city is building cattle guards 
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or gates on the right of way where 
it is anticipated entrance will be re- 
quired. These provisions are also in 
the warranty deed for the property. 

It is difficult to assess at this time 
whether purchase in fee simple under 
these conditions makes a significant 
difference in cost. The city does not 
believe that it will. The presence of 
the line and the anticipated entry to 
the property is objectionable enough 
to the property owner. He would 
probably demand about the same price 
for an easement with similar restric- 
tions as he did for fee simple. The 
more reasonable property owners see 
the advantage of surface use without 
the necessity for paying taxes. The 
experience of Dallas with a pipeline 
of a similar nature, but closer to the 
city, indicates that the cost of easement 
reserving the same rights would have 
been 80-90 per cent of the cost of fee. 

The fact that the right of way will 
belong to the city in fee simple is also 
reassuring from the standpoint of con- 
trol, reconstruction, and additions 
that might be necessary for the many 
years the pipeline will be in existence. 
Considering the life of this facility, any 
additional cost incurred in right-of- 
way acquisition in such a major facil- 
ity will 2:.sunt to very little on an 
annual cost basis. The fee simple ac- 
quisitiu: appears to be a very good 
investment for the future, for it obvi- 
ates certain situations in which pre- 
viously experienced property owners 
refused to allow enlargement or in- 
stallation of parallel lines when addi- 
tional capacity was required. 


Negotiators 


A city should try not to send to the 
country people who are not known in 
the area in which they are going to 
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work. There are not always people 
with integrity or ability available in a 
rural community, but people who are 
at least known there can be employed. 
Although they live in the city, they 
have mutual interests with the people 
they are contacting. City personnel 
can back the negotiators up in the 
final appraisal, but should avoid direct 
contact with rural people as much as 
possible. Many farmers like to take 
some time discussing the right of way 
and any other subject that comes to 
mind. A lengthy, easy-going conver- 
sation is an essential part of negoti- 
ations, but it might make a hurried 
urban negotiator impatient. If time 
enough is taken, a reasonable settle- 
ment can often be reached through 
this process and condemnation court 
avoided. 

The city must also be willing to be 
a good neighbor in the country. Un- 
necessary damage to property or en- 
croachment on the land itself is some- 
thing that cannot be tolerated. The 
farmer must be given every assurance 
that this will not occur; the agree- 
ments should be drawn in such a man- 
ner as to meet his requirements as 
far as possible. 

Dallas has found that the person 
who makes the appraisal should not 
be the person who does the negotiat- 
ing. This allows the negotiator to 
trade, and to use the appraiser as the 
point of departure while preserving his 
testimony for court without the danger 
of having his comments in negotiating 
misinterpreted on the witness stand. 
Thus the negotiator has the advantage 
of the appraisal, but is not bound by 
it; he does not need to defend it as 
he negotiates. 

The entire procedure of contact de- 
serves consideration from the stand- 
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point of the impression made on the 
people dealt with. The surveyors in 
their first contact can be an important 
factor in right-of-way negotiations. If 
they are rude, brusk, or violate the 
ethics of the community, repercussions 
can be expected when the negotiator 
visits these people to buy or obtain 
right of entry into their land. 


Condemnation 
Every effort is made to buy land 
through negotiations rather than 


through condemnation, but condemna- 
tion is necessary in many cases where 
time is essential. As with negotiators, 
local legal counsel should be used in- 
stead of the city’s staff for condemna- 
tion cases. The city may still do such 
office work as typing, preparation of 
suits and briefs, investigation of the 
law, and general support of the local 
counsel. The leading counsel may be 
the local legal representative, and his 
opinion as to whether a settlement is 
in order, rather than a court trial, 
should be properly considered. 

All parties involved in appraisal, 
condemnation, and settling of awards 
should know one another and have 
confidence in one another. In Texas, 
the county judge appoints commission- 
ers, experienced real estate men in the 
community, to review the appraisal 
figure, look at the land, and make an 
award of value. As a general rule the 
commissioners are fair in their deci- 
sions. If they are prejudiced or not 
confident that the appraisal has been 
fair in every respect, however, their 
awards may often be completely out 
of line. Most commissioners and 
juries have an aversion to greed and 
unfairness. When the responsibility 
for upholding the intent of the law is 
placed squarely on their shoulders, a 
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fair and just award usually results. 

When the award is not fair, the city 
may appeal in the county court. Here 
a jury trial provides for the usual 
number of impartial citizens to judge 
the facts in the case. Provision is 
made in case of an excessive award by 
the commissioners for the city to ap- 
peal the award and proceed to trial 
without depositing the amount of 
money awarded. The law prevents 
the city from delaying this action too 
long, however, and requires deposit 
of the award when possession of the 
land is obtained. No safeguards are 
available to the city to prevent the 
property owner from spending an ex- 
cessive award and, except by judg- 
ment, from being unable to pay back 
the difference between the first award 
and a lower final award. The judg- 
ment is often too late when the first 
award money is spent for items of 
diminishing value. 


Progress by Dallas 

By mid-1961, Dallas had acquired 
about half the necessary land for its 
pipeline. The 120-ft wide right of 
way has cost in fee about 63 cents 
per foot of right of way. The total 
length to be acquired is 169,770 ft; 
81,514 ft have been acquired at an 
average cost of $175.30 per acre, the 
total number of acres involved in this 
81,000 ft being about 295. Normally, 
the land in question has been selling 
for around $100 per acre, but in terms 
of agriculture, it is not worth this 
amount. The rush of urbanites to 


invest in tax loss property in the coun- 
try has vastly inflated all rural prop- 
erty in the Dallas area. Taking these 
factors into consideration, the city 
considers the awards to date quite 
reasonable. 
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Methods of Characterizing Missouri River 
Organic Materials of Taste 
and Odor Interest 


DeVere W. Ryckman, Nathan C. Burbank, and 


Edward Edgerley 


A paper presented on Apr. 21, 1960, at the Kansas Section Meeting, 
Emporia, Kan., by DeVere W. Ryckman, Director, San. Eng. Re- 
search and Graduate Program; Nathan C. Burbank, Head, Civil Eng.; 
and Edward Edgerley, Asst. Prof., all of Washington Univ., St. Louis, 
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OR many years the Missouri River 

has provided a source from which 
potable water is produced for millions 
of people located in seven states. The 
lower Missouri River has long been 
known for its extremely heavy tur- 
bidity loads, which required water 
treatment facilities along the river to 
be especially concerned with the re- 
moval of high suspended-solids con- 
centrations. With the closing of the 
Fort Randall and Gavin’s Point dams 
in South Dakota in the early 1950's, 
the last of the impounding reservoirs 
in the upper Missouri River, the 
amount of suspended solids in the 
lower 900-mi section of the river was 
drastically reduced.* 

The lower Missouri River (that por- 
tion of the river below the Fort Ran- 
dall Dam) bounds five states and tra- 
verses the full width of the state of 
Missouri. This section of the river 
serves as a source of water for numer- 
ous centers of population in Missouri, 
Kansas, Nebraska, Iowa, and South 
Dakota. These areas have grown in 
population and industry, and as an 
inevitable corollary of growth have in- 
creased waste discharges to the river. 


With the combination of decreasing 
turbidity and increasing pollution in 
the river, the water treatment plants 
along this section of the river have 
noticed an increase in the frequency of 
taste and odor problems, thus finding 
it more and more difficult to produce 
a water of acceptable taste and odor 
quality. The necessity of distributing 
a taste- and odor-free water and the 
large expenditures often involved in 
producing a water of acceptable quality 
are well known to everyone in the wa- 
ter industry. Industries that use water 
in plant operations such as plating, ion 
exchange processes, beverage produc- 
tion, and the manufacture of high- 
purity chemicals and allied products 
are also concerned about the presence 
of certain organic materials in their 
process waier. 

Thus the importance of the presence 
of taste- and odor-causing materials in 
the river was realized by representa- 
tives of industries and municipalities ; 
this resulted in the formation of the 
Missouri River Pollution Monitoring 
Committee. This committee furnished 
materials of taste and odor significance 
for study in the sanitary engineering 


1392 


5 
BY 
~ ve 
i 


Nov. 1961 


laboratories of Washington University, 
St. Louis. 

A study of these organic materials 
of taste and odor significance will be 
presented. Also, the techniques pres- 
ently used to characterize these or- 
ganic substances will be discussed. 


Mode of Study 


The organic material studied was 
collected at various points along the 
lower Missouri River from Yankton, 
S.D., the first municipal water user 
below the last of the large impounding 
dams, to St. Louis, Mo., where the 
Missouri River discharges into the 
Mississippi. Along this 840-mi stretch 
of river, eight sampling stations were 
established at water treatment plants. 
Here activated-carbon filters were in- 
stalled to monitor both raw river water 
and tap water. These sampling sta- 
tions, shown in Fig. 1, were located at 
Yankton, S.D.; Omaha, Neb.; St. 
Joseph, Mo.; Kansas City, Mo.; Lex- 
ington, Mo.; Jefferson City, Mo.; St. 
Louis (Howard Bend), Mo.; and St. 
Louis County (North Plant), Mo. 

Water was passed through the 127- 
cuin. carbon filter at a rate that al- 
lowed 5,000 gal of water to be filtered 
in a 2-week period. At the end of this 
period the carbon in the filter was re- 
placed; the carbon containing the ad- 
sorbed organics was dried. The or- 
ganic material was extracted with a 
suitable solvent. The solvent was then 
removed, leaving the concentrated or- 
ganics. The weight of these was 
determined. 

Chloroform was chosen as the sol- 
vent for three reasons: (1) other in- 
vestigators* have shown that most 
taste- and odor-producing organics 
found in natural waters are chloroform 
soluble, (2) chloroform would elimi- 
nate groupings of organics that are not 
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significant in taste and odor problems, 
and (3) chloroform-soluble organic 
materials obtained in preliminary stud- 
ies confirmed the capture of odorous 
materials. 

The concentrated carbon chloroform 
extract (CCE) was separated into 
groups using the principle of soiubility 
partition.* This procedure, outlined 
in Fig. 2, divided the material into the 
following groups: ether insolubles, 
water solubles, amines, strong acids, 
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The Missouri River flows more than 800 
mi between Yankton, S.D., and St. Louis 
County. 


weak acids, and neutrals. The group 
separation was accomplished by dis- 
solving a tared sample of the original 
material in ether and filtering the mix- 
ture to remove the ether insolubles. 
The remaining solution was extracted 
with water and the water-soluble 
group recovered by evaporation. The 
remaining ether solution was extracted 
with 1N HCl, the water layer basified 
to above pH 10 and then extracted 
with ether to obtain the amines. 
The ether solution containing the re- 
mainder of the organics following the 
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acid extraction was further extracted 
with 5 per cent NaHCO, solution. 
The resulting water layer was acidi- 
fied to pH 2 with HCl and extracted 
with ether to separate the strong acid 
group on evaporation. 

Again, the original ether solution 
was extracted with 1V NaOH. The 
resulting water layer was acidified to 


Solubility Separations 


Ether Layer: 
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aliphatics, aromatics, and oxygenated 
materials. As shown in Fig. 2, the 
neutrals were adsorbed on a column 
of silica gel, and the column elutriated 
first with isooctane, then with benzene, 
and finally with a 1:1 mixture of chloro- 
form and methanol. 

All groups and subgroups were care- 
fully dried at a temperature of 55°- 
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Fig. 2. Group Separation of Organic Extracts 


Various fractions of the CCE were separated by the methods charted. 


pH 2 with HCl and extracted with 
ether, obtaining the weak-acid group 
on evaporation of the ether. The neu- 
trals were obtained by evaporating the 
remainder of the original ether solution. 

A column-chromatographic separa- 
tion procedure was used to separate 
the neutral group into three subgroups : 


60°C with the aid of a jet of purified 
air. After desiccation, the weights of 
these materials were determined. 


Taste and Odor Characteristics 


Because this study is predicated on 
the existence of taste and odor prob- 
lems encountered with Missouri River 
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TABLE 1 
Average Quantity of CCE at Each 
Sampling Point—1958 


Sampling Point Organics 

lb/day 
Yankton, S.D. 4,100 
Omaha, Neb. 4,900 
St. Joseph, Mo. 3,900 
Kansas City, Mo. 4,800 
Lexington, Mo. 10,100 
Jefferson City, Mo. 7,300 
St. Louis City (Howard Bend), Mo. 17,200 
St. Louis County 16,200 


(North Plant), Mo. 


waters, it was necessary to select a 
parameter to measure this characteris- 
tic. The threshold odor test was used 
for this purpose as outlined in the 
tenth edition of Standard Methods.* 
It was determined through preliminary 
studies that the significant odor-pro- 
ducing materials were concentrated in 
the neutral- and weak-acid groups. 
Therefore, odor determinations were 
conducted on these two groups as well 
as on the total CCE. The same five- 
man odor test panel was used for all 
determinations. 

The remarkable ability of natural 
waters to remove certain organics is 
weil recognized. More recently, some 
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Fig. 3. Average Quantity of Organics in 
the Missouri River—1958 


The average amount of organics generally 
increases as the river flows downstream. 
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organics have been found to be resist- 
ant to biologic degradation.*:* This 
information led the authors to investi- 
gate the feasibility of using biologic 
extraction procedures as a method of: 
(1) further concentrating the organics 
that would be troublesome from the 
standpoint of their persistence, and (2) 
isolating those compounds that have 
considerable odor potential. In this 
investigation, biochemical studies were 
conducted on total CCE under simu- 
lated stream conditions.* Samples of 


TABLE 2 


Average Concentration of CCE in Raw and 
Tap Waters at Each Sampling Point—1958 


CCE Concentration 
ppb 
Sampling Point 
Raw Tap 
Water Water 
Yankton, S.D. 37 39 
Omaha, Neb. 36 47 
St. Joseph, Mo. 33 38 
Kansas City, Mo. 41 36 
Lexington, Mo. 36 45 
Jefferson City, Mo. 32 46 
St. Louis City (Howard 
Bend), Mo. 41 48 
St. Louis County 
(North Plant), Mo. 36 53 


sufficient size for these studies were 
obtained by combining portions of the 
total extracts collected from time to 
time over several months. The two- 
bottle single-dilution technique for 
long-term BOD studies* was used to 
measure the degree and rate of degra- 
dation of these materials. The chemi- 
cal oxygen demand * of the organics 
was determined before biological deg- 
radation and threshold odor levels 
were measured on the contents of the 
reaction vessels at the beginning and 
end of the 20-day testing period. 
Oxygen use was determined daily. 
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Nitrite determinations were employed 
to insure that the results of oxygen 
use could be scribed only to the carbo- 
naceous phase. 

Infrared spectrographs were pre- 
pared of the original organics used in 
the BOD studies and of the CCE ex- 
tracted from the BOD bottles at the 
end of the degradation period. Spec- 
trographs were also prepared of total 
samples of organics from the various 
sampling stations and of the various 
group separations. 


Results and Discussion 


Data on the quantity of CCE pass- 
ing each of the eight sampling stations 
have been continuously collected since 
October 1957. The results for 1958 
are shown in Table 1. This informa- 
tion was obtained by continuously 
measuring the odorous organics con- 
tained in a portion of the river water 
at each sampling point. The weighted 
daily averages of organics were com- 
puted with flow data supplied by 
USGS. It may he observed that the 
average amount of organics generally 
increases as the river flows down- 
stream. As Fig. 3 shows, 4,100 Ib /day 
of CCE passed the Yankton sampling 
station while over 16,000 Ib/day were 
measured at the St. Louis stations. 
This is the case notwithstanding the 
processes of adsorption, sedimentation, 
and biological assimilation, which are 
known to take place in these natural 
waters. 

The 1958 data listing average con- 
centrations of organics in tap and raw 
waters are presented in Table 2. It 
may be observed that there was an 
apparent increase in the concentration 
of organics measured in tap waters in 
comparison with those measured in the 
raw waters. This tends to demonstrate 


the ineffectiveness of presently used 
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water treatment procedures in remov- 
ing these substances. The increase of 
these organics during water treatment 
is a major problem, and is being fur- 
ther investigated. 

Group separations were performed 
on selected sets of total organics. A 
set consisted of organics collected over 
the same 2-week period at each sam- 
pling station. Results of group separa- 
tions on a set of samples collected be- 
tween Feb. 17 and Mar. 5, 1958, are 
presented in Fig. 4 to illustrate the type 
of information gained through this 
method of analysis. It may be seen 
from these data that there is little sig- 
nificant difference in the quantity of 
the ether-insoluble group or the amine 
group between the various sampling 
stations. The quantity of neutrals and 
weak acids, however, significantly in- 
creases at sampling points downstream 
from Yankton. It is to be noted that 
the latter groups are the ones that have 
been related to the most odorous frac- 
tions of the total organics. There was 
also an appreciable increase in the 
water-soluble group at downstream 
sampling points, and some increase in 
the strong-acid group. Although these 
two groups in themselves do not con- 
tribute significantly to the odor content 
of the total organic extract, the con- 
centration of these materials is of im- 
portance in correlating results with 
sources of organic materials entering 
the river. 

The results of the column chroma- 
tography study of the neutral group 
for this same set of samples are illus- 
trated in Fig. 5. It is to be noted 
that there was some increase in the 
aliphatic and aromatic portions, and a 
very significant increase in the oxy- 
genated derivatives at downstream sam- 
pling stations. This is evidence that 
certain aliphatic and aromatic constitu- 
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ents are persisting in the river. The 
major increase in the oxygenated de- 
rivatives provides a basis for consid- 
ering the possibility that the organics 
entering the river are, through partial 
degradation, being converted to mate- 
rials in this group. 
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materials in the sample, as evidenced 
by the heavy carbonyl band at 5.94 and 
the general absorption from 7.5 to 16y, 
tend to obscure other materials that 
may be present. The separated frac- 
tions, particularly the aliphatic and aro- 
matic fractions, show different charac- 
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Fig. 5. Quantity of Organics in the Chromatographic Separation Groups 


The samples for these curves were collected Feb. 17-Mar. 3, 1958. 


The results of the infrared spectro- 
graphs prepared on the raw-water sam- 
ples from various stations on the Mis- 
souri River were similar to the spectro- 
graphs shown in Fig. 6 for the St. 
Louis County sample. The oxidized 


teristics, although specific chemicals are 
not revealed on these samples. 
Results of threshold odor tests con- 
ducted on the set of samples used for 
the group separations described above 
are presented in Table 3. These data 
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include threshold odor results obtained 
on total and neutral fractions of the 
organic extracts from both raw and tap 
waters. The concentration of total or- 
ganics required to produce a threshold 
odor generally decreased downstream 
from Yankton in both raw and tap wa- 
ter samples. This means that the odor 
potential of these organics actually in- 
creases at downstream sampling sta- 
tions. It required 430 ppb of the total 
extract from the raw water at Omaha 
to produce an odor, but it took only 
128 ppb to produce an odor from the 
St. Louis County (North Plant) or- 
ganic sample collected during the same 
period. With organics from the tap 
water, it required 720 ppb for the 
Yankton sample to produce an odor, 
but one was obtained using only 256 
ppb of the sample from St. Louis 
County (North Plant). In the latter 
case, there is almost a threefold in- 
crease in the odor potential of the or- 
ganics at the downstream sampling 
point compared with that at the up- 
stream point. 

With the organic extract samples 
from raw water, there is some decrease 


TABLE 3 


Threshold Odor Results on Samples 
of Organic Extract * 


Threshold Odor—ppb 


Sampling Point Raw Water Tap Water 


Total | Neutral | Total | Neutral 
Extract} Fraction} Extract} Fraction 


Yankton, S.D. 
Omaha, Neb. 

St. Joseph, Mo. 
Kansas City, Mo. 
Lexington, Mo. 
City, 


St. Louis City 
(Howard Bend), 
St. Louis County 
(North Plant), 
Mo. 


* Samples collected Feb, 17—Mar. 5, 1958, 
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TABLE 4 
Results of BOD Study on Organic Extracts * 


BOD & COD 
of 5-ppm 
Solution of 
Organics 
Sampling Point 


20-Day 
BOD 
ppm 


COD 
ppm 


10.70 
10.75 
11.00 
11.00 
10.55 


0.76 
0.75 
1.37 
1.53 
1.25 


Yankton, S. D. 

Omaha, Neb. 

St. Joseph, Mo. 

Kansas City, Mo. 

Lexington, Mo. 

Jefferson City, 
Mo. 

St. Louis City (How- 
ard Bend), Mo. 

St. Louis County 
(North Plant), 
Mo. 


0.75 | 10.05 7.5 


0.75 | 11.75 6.4 


0.65 | 11.25 §.7 


* Chloroform-soluble organics combined from samples 
collected over the period October 1957-July 1958. 


in the concentration of the neutral- 
group organics required to produce a 
threshold odor at the Omaha upstream 
station in comparison with the concen- 
tration required at the St. Louis sta- 
tions, as illustrated in Table 3. A 
greater difference may be observed for 
the neutral-group organics from the tap 
waters between the Yankton and St. 
Louis stations. The interpretation of 
this is that the odor potential of the 
neutral-fraction organics also increases 
at the downstream St. Louis stations; 
this was noted previously in connection 
with the total organic extracts. 

The BOD study was conducted on 
portions of total extract combined from 
samples collected over the period from 
October 1957 to July 1958. Chemical 
oxygen demand values were measured 
on 10 mg of the total extract. BOD 
was obtained for a concentration of 
5 ppm of the extracted organic mate- 
rial, this being a concentration that 
would be expected to provide an ade- 
quate measurable oxygen depletion for 


20-Day 
BOD Pro- 
portion of 
COD 
| 
7.2 
7.0 
12.4 
13.9 a 
| 11.9 
| | 
720 | 512 
| 430 324 304 204 
| 304 430 256 362 
fou 218 430 304 512 
; 256 362 362 362 
: | 180 92 151 92 
- 362 180 430 256 
oe | 128 180 | 256 | 256 
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infrared spectrographs were made from St. Louis County samples. 
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degradable organics. The chemical 
oxygen demand of 5 mg of the organic 
material and the 20-day BOD values 
for 5 ppm of these organics for the 
various sampling stations are listed in 
Table 4. The 20-day BOD values 
computed as a percentage of the meas- 
ured chemical oxygen demand are also 
given. These values are in the range 
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The threshold odor levels measured 
on the contents of the BOD bottles be- 
fore and after the 20-day incubation 
period were observed to be the same. 
Infrared spectrographs prepared from 
the extract prior to degradation and 
from the organic material recovered 
by extraction following the incubation 
period are shown in Fig. 7 for a typi- 
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Fig. 7. 


of 5 to 14 per cent, which is very low 
compared to values of usually over 60 
per cent for readily assimilated mate- 
rials. As BOD values for organic 
materials that are known to be biologi- 
cally resistant have been reported * to 
be less than 10 per cent of the chemical 
oxygen demand values, it may logically 
be concluded that these odorous organ- 
ics are in this same resistant group. 


Spectrographs of Organic Extract Before and After BOD Study 


Both spectrographs were made from St. Louis County samples. 
represents the organics before the BOD study; the lower curve, after the study. 


The upper curve 


cal station. In general, there was no 
noticeable change between the spectro- 
graphs. This is further evidence that 
these substances are resistant to decay. 


Summary 


From the results of the work to date, 
it is indicated that the carbon filter is 
a good tool for the study of organics 
of taste and odor significance found in 
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the Missouri River. Threshold odor 
data is a most important parameter, 
and there is no substitute for this test. 
There is a buildup of organics in the 
Missouri River as it proceeds down- 
stream, and these organics have higher 
odor potential than do those upstream. 
Water treatment is not removing sig- 
nificant quantities of organics of taste 
and odor significance and, in fact, is 
indicating an apparent increase in the 
quantity of chloroform-soluble organics 
in many cases. Infrared spectroscopy 
is useful in proving other methods of 
characterization, and characterization 
through the use of biological degrada- 
tion studies is important in determining 
the persistence of organic material hav- 
ing taste and odor significance. 

These results of the first comprehen- 
sive studies of odorous organics in both 
raw and tap waters on an 800-mi reach 
of a major r ver are indicative of the 
useful information that may be ob- 
tained with great promise in aiding 
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both industrial and domestic water 


users. 
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O city is immune to disaster. 
Floods, explosions, tornadoes, or 
hurricanes can strike any city with- 
out warning. Because disasters may 
come in any of several forms, plans 
to deal with them must be flexible. 
This article presents some of the prob- 
lems arising from disasters and sug- 
gests some of the measures utility per- 
sonnel may take to restore service. 


Flood at Port Lavaca, Texas 


Examples of the problems arising 
and the solutions applied may be found 
in experiences following the Port La- 
vaca, Tex. flood. In 24 hr, 30 in. of 
rain fell on saturated ground, and the 
result was widespread flooding. It 
was severe enough to wash out several 
main water lines, plug up many sewer 
lines, and flood quite a few homes. 
Because of the speed of the washouts 
in the water distribution system, the 
system was completely exhausted of 
water by the time valves could be 
closed. The storm waters flowed into 
the broken mains, washed out fire 
plugs, and made many streets im- 
passable. The severe rain caused the 
motors on the pumps in the well field 
to short out, and a fuse was blown on 
the electric supply line to the well field 
area. The two roads leading to the 
well fields were covered with at least 
2 ft of water in some places, and early 
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attempts to start standby equipment 
were stopped before they could really 
begin. 

The hauling and distribution of 
water to the residents of Port Lavaca 
was a major undertaking in itself, in- 
volving 150 men and 20 pieces of 
equipment. The problems encountered 
in that operation are not concerned 
with disinfection, but would be of vital 
interest in a similar situation. 


Three-Phase Action 


As stated above, the storm waters 
flowed into the system in several 
places. Because of this, disinfection 
of the entire system was necessary. 
To accomplish this, three separate 
phases of work were begun. As soon 
as water receded, the phase of line re- 
pair and the phase of getting water 
from the well field began. Because of 
the vital necessity of water, street per- 
sonnel, volunteers, sewage treatment 
personnel, and water utility personnel 
were all pressed into service. 

While work continued on a 24-hr 
basis on these two phases, the third 
was started. A chlorinator manufac- 
turer was contacted, and a chlorinator 
capable of delivering 400 Ib of chlorine 
per day was sent to Port Lavaca. This 
manufacturer also sent a technician to 
supervise installation, and the chlorina- 
tor was installed at a point in the sys- 
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tem so as to allow a 0.5-mil gal ground 
storage tank to serve as a contact 
chamber. 

Meanwhile, the first two phases 
were nearing completion. Using one 
electric motor and one emergency gas 
engine, water was pumped into the 
ground storage tank, chlorinated to the 
extent of 200 ppm, and stored. This 
0.5-mil gal supply was the first water 
available for fire-fighting purposes in 
over 36 hr. When sufficient pumps 
were in operation to insure 1 mgd from 
the wells, sections of the system were 
opened, and water with a chlorine re- 
sidual of 200 ppm was introduced. 

Before charging the system, hand- 
bills, radio, public address trucks, and 
all available means were used to advise 
the residents to close all taps and re- 
port any leaks to the water plant. 
These same media of communication 
were used to inform the people that a 


limited supply of water was available 


for flushing purposes. As had been 
expected, this water was used for 
every conceivable purpose at the rate 
of approximately 90,000 gpm. 

Six crews toured the city for 12 hr, 
opening fire hydrants and flushing 
lines until a definite chlorine residual 
had penetrated into all points of the 
system. It must be noted that despite 
the massive dose of chlorine applied 
at the plant, in many places no residual 
was found for as long as 30 min of 
steady flushing. The lines were obvi- 
ously in great need of disinfection. A 
chlorine residual of 150-200 ppm was 
maintained for 24 hr. During the last 
12 hr, periodic stepdowns in the chlo- 
rine dosage rate were made until water 
at 1-10 ppm chlorine was entering the 
system. At the end of the 24-hr pe- 
riod, flushing was again practiced. 
The final flushing took place during 
the afternoon of the third day after 
the flood had occurred. 
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As before, radio, newspapers, and 
all means of communication were used 
to urge the residents to use the water 
for necessity only. It was explained 
that only a limited quantity of water 
was available, and would be turned on 
at 6 pm. Prior to this time, high 
school students made a door-to-door 
call in the city. At each house, the 
resident was advised to flush the house 
service line in two separate places for 
5 min before using. Handbills were 
left at houses where no one was at 
home. Excellent cooperation from the 
radio and television stations enabled 
the entire city to know that only a 
limited supply of water was available, 
and that it should be used for neces- 
sities only. Actually, ample water was 
available for normal usage, and wells 
were producing at 1.25 mgd. In the 
60-min period from 6 to 7 pM, water 
pressure dropped from 55 Ib to 15 Ib. 
Not until 11 pm did the water pres- 
sure rise above 40 psi. After that, 
only a massive clean-up job and re- 
pairing the numerous small line breaks 
remained to be done. 


Help for Residents 


Most of the many inquiries made 
of the water department during this 
period were concerned with the dis- 
infection of private wells. Several pint 
jars were obtained and filled with cal- 
cium hypochlorite. These were passed 
out to any person wanting them, with 
instructions on how to use them 
effectively. 

Residents also wanted to know 
measures that could be taken to dis- 
infect inundated homes. Flood waters 
leave a layer of foul-smelling mud and 
silt on floors and furniture. Quater- 
nary ammonia has been found to be 
very effective in cleaning and disinfect- 
ing flooded homes and business houses. 
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Preparedness Measures 


Experience in Port Lavaca showed 
that of the many measures that could 
be taken in preparation, a few are gen- 
erally applicable. 

1. An up-to-date map of the distri- 
bution system, showing size of line, 
fire hydrants, and valve locations, 
should be available. 

2. Adequate, well maintained, emer- 
gency power equipment should be on 
hand. Whether it is gasoline or diesel, 
if it doesn’t work, it is worse than 
useless. 

All valve locations should be clearly 
marked with distances from at least 
two relatively permanent structures, 
such as telephone poles, street lights, 
or curbs. A good system for a record 
of this nature consists of large cards 
with the type valve and associated ma- 
terial on one side and a sketch show- 
ing location and distances on the other 
side. 

Besides taking these measures, a 
utility should have many pieces of 
equipment. A portable power source, 
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a portable public address system, sev- 
eral hundred pounds of any substance 
with free chlorine available, and port- 
able self-powered pumps are useful in 
disaster conditions. 


Conclusion 


Finally, this advice may be given: 

1. Never become complacent. Just 
because a disaster has never occurred 
in a city does not mean it never will 
occur. Do not let standby equipment 
become unworkable. Use it fre- 
quently ; have it ready. 

2. Men with public health respon- 
sibility for a city can never assume 
that the water is safe. The utility 
must insure that it is safe. Should 
the slightest possibility of contamina- 
tion occur, disinfection is called for. 

It is to the credit of the Port La- 
vaca water utility personnel, city and 
county officials, and those who helped 
restore the water service that despite 
known contamination of several sec- 
tions of the system, there was not a 
single case of water-borne disease. 
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N the period between 1909 and 1930, 

drainage canals were constructed 
westward from the coast through the 
Miami area into the Everglades to 
reclaim low lying land for urban and 
agricultural use. These canals have 
been the primary cause of salt water 
encroachment in the Biscayne aquifer, 
which is a highly permeable limestone 
aquifer extending from land surface 
to an average depth of 100 ft below 
mean sea level. Parker’ stated that 
the canals have induced encroachment 
of salt water in two ways: 


1, They have served to drain off fresh 
water stored in the aquifer in the coastal 
zone. 

2. They have acted during certain dry 
periods as inland extensions of the sea, 
carrying salty water inland for several 
miles and allowing it to leak out to con- 
taminate the aquifer all along their course. 


Maps showing the progressive move- 
ment of salt water from 1904 to 1959 
(Fig. 1 and 2) demonstrate the influ- 
ence of the drainage canals on salt 
water intrusion in the Biscayne aquifer. 
The maps are adapted from several 
reports by Parker, Klein,? and 
Schroeder and others,’ and are ex- 
tended to 1959 in this report. 

The canals were uncontrolled until 
1939, and ineffectively controlled until 
1946. Salt water was detected in sev- 


Case History of Salt Water Encroachment 
Caused by a Storm Sewer in Miami 
Francis A. Kohout 
A paper presented on May 16, 1960, at the Annual Conference, Bal 


Harbour, Fla., by Francis A. Kohout, Geologist, Ground Water 
Branch, US Geological Survey, Miami, Fla. 
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eral of the supply wells near the Miami 
water plant (Fig. 1) as a result of 
drought conditions in 1943-46. <A 
dam with removable piles of sheet steel 
was installed in the Miami Canal at 
36th Street in 1946 to replace a tidal 
gate that had proved ineffective under 
drought conditions. The shrinkage of 
the lobe of salt water that extended 
along the axis of the Miami Canal 
(Fig. 2) and the decrease in chloride 
content from more than 1,600 ppm in 
1946 to 50 ppm in 1954 in Well G 
199 (Fig. 3), give evidence of the 
beneficial effect of the control structure. 

Salinity control dams in the Biscayne 
and Little River canals also were ef- 
fective in moving the salt water front 
seaward along those canals. Because 
of local opposition, however, the con- 
trol structures in the Tamiami Canal 
(1 mi west of Red Road) and the 
Coral Gables Canal (at Red Road) 
were placed too far upstream to be 
effective, and salt water continued its 
inland advance. 

Two danger areas are apparent on 
the map for 1959. The protection af- 
forded by the salinity control dam in 
the Miami Canal at 36th Street is being 
jeopardized by the movement of salt 
water northwestward from the Tami- 
ami Canal toward a center of pumping 
in the Miami well field, located ap- 
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proximately at the bend in Red Road. 
The increase in pumpage from 60 to 
80 mgd in the well field may be a con- 
tributing factor. 

The other danger area is west of 


Arch Creek. Three factors—an in- 
effective salinity control in Arch Creek, 
the location of the control dam too far 
upstream in Biscayne Canal at 131st 
Street, and pumping in the North Mi- 
ami well field—have combined to pro- 
duce a significant inland extension of 
salt water between the Biscayne Canal 
and Arch Creek. Salt water now un- 
derlies part of the North Miami well 
field at a depth of about 50 ft (Fig. 2, 
1959), and the use of some wells 
has been discontinued. These circum- 
stances suggest that serious trouble 
from salt water contamination in the 
North Miami well field may occur in 
the near future. 


Contact Between Salt and Fresh 
Water 


The contact between fresh and salt 
water in the Biscayne aquifer is not 
sharp. Salt water and fresh water 
mix to produce a significantly thick 
zone of diffusion in which the chloride 
content grades from about 16 ppm 
(fresh water) to about 19,000 ppm 
(sea water). In Fig. 4, the zone of 
diffusion is represented by isochlors 
that pass through points of equal chlo- 
ride content, as determined by the 
altitudes and chloride contents of water 
samples from many wells. An iso- 
chlor, of course, has horizontal dimen- 
sion; in Fig. 5 the geographic distri- 
bution of salt water is represented by 
altitude contours on the 1,000-ppm 
isochlor surface. 


Modification of a Storm Sewer 


In August 1954, the state road de- 
partment began installing a storm 
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sewer beneath the road grade of 27th 
Avenue as part of the widening of 27th 
Avenue and US Highway 1 to four 
lanes (Fig. 5). A vertical-sided ditch 
was cut into the solution-riddled lime- 
stone of the Biscayne aquifer. The 
conduit for the discharge of storm 
water was formed by covering the 
lower 6 ft of the ditch with a concrete 
slab and backfilling the remainder of 
the excavated hole up to road grade 
(Fig. 6). The storm sewer, in reality, 
was an uncontrolled drainage canal be- 
cause its bottom ranged from 3 ft below 
mean sea level at the shoreline to sea 
level at a distance of 9,000 ft from 
the shore. 

The possible detrimental effects of 
the drainage system were called to the 
attention of officials of the Dade County 
Water Control Office and the Miami 
Department of Water and Sewers. 
Plans were formulated for the con- 
struction of a salinity control dam 
made of sheet steel piles at the outlet 
of the storm sewer to Biscayne Bay. 
Two years passed before the dam was 
installed. As data in the Silver Bluff 
area were available for a period prior 
to the construction of the canal, the 
time lapse provided an excellent op- 
portunity for observing the movement 
of salt water in the aquifer under 
uncontrolled drainage conditions and 
later under controlled conditions. 
This article presents these observations 
by a series of water table and isochlor 
contour maps. 

Several canals in addition to the 
27th Avenue Canal were excavated 
during the highway construction: 

1. A spur canal extending about 1 
mi westward from 27th Avenue be- 
neath US Highway 1 

2. An outlet canal beneath 22nd Ave- 
nue from Biscayne Bay north to US 
Highway 1 
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Fig. 1. Encroachment of Salt Water in the Biscayne Aquifer, 190446 


Shaded areas show extent of salt water encroachment. 
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Fig. 2. Encroachment of Salt Water in Biscayne Aquifer, 1950-59 


Control measures on Miami Canal reduced chloride content in Well G199 from 1,600 
ppm in 1946 to 50 ppm in 1954. 
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Chloride Concentration — ppm 


Fig. 3. Chloride Fluctuation in Well 
G199, 1941-54 


A new control dam in the Miami Canal 
caused shrinkage of the salt water lobe 
along the canal. 


3. A spur canal extending westward 
from 22nd Avenue beneath US High- 
way 1 and terminating about 0.1 mi 
east of 27%i1 Avenue 

4. A spur canal extending about 0.5 
mi eastward from 22nd Avenue be- 
neath US Highway 1. 
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After timely recognition of the 
threat of salt water contamination, the 
22nd Avenue Canal, which was to serve 
as outlet for the canals No. 3 and 4 
above, was not opened to the bay until 
shortly before a salinity control dam 
was completed in August 1956. Thus 
the 22nd Avenue Canal did not work 
as a drainage canal and produced little 
effect on the salt water front; it did, 
however, produce a complicated water 
table pattern, which will be mentioned 
later. 


Conditions Before Construction 


The general configurations of the 
water table and the salt water front in 
the Silver Bluff area before construc- 
tion of the 27th Avenue Canal are 
shown in Fig. 5. The water table is 
represented by altitude contours in feet 
above mean sea level; the salt water 
front is represented by altitude con- 
tours on the 1,000-ppm isochlor sur- 
face in feet below mean sea level. The 
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Fig. 4. Zone of Diffusion in Biscayne Aquifer—Cross Section Through 
Silver Bluff Area, Nov. 2, 1954 
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relation of the 1,000-ppm isochlor to 
other isochlor surfaces is shown in the 
cross section of the zone of diffusion 
(Fig. 4). 

The inland sweep of the water table 
contours (Fig. 5, left) along the Coral 
Gables Canal and the Miami-Tamiami 
Canal system is produced by drainage 
of ground water into these canals. 
Control structures are dams of sheet- 
steel piles driven into the rock, with 
provision for removing alternate piles. 
The controls are open (alternate piles 
are removed) during the rainy season 
(June to November) and closed dur- 
ing the dry season, except during ab- 
normal conditions. The water table 
quickly responds to control operations, 
so that contours will terminate at the 
control structures when the dam is 
closed, but will extend upstream when 
the dam is open. 

Contours on the 1,000-ppm isochlor 
surface swing inland along the drain- 
age reaches of the canals because the 
lowest point of the water table is along 
the canals. Dense salt water intrudes 
most rapidly along the axis of the 
canals, where counterbalancing fresh- 
water head is at a minimum. 
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Fig. 6. Construction of Drainage Ditch 
Beneath 27th Avenue 


Water surface shown is the water table. 

Unless impeded by a dam, this fresh 

ground water will flow to waste in the 
ocean. 


Encroachment During Uncontrolled 
Drainage 


Construction of the drainage canal 
beneath 27th Avenue was started at 
Biscayne Bay in August 1954. The 
canal was extended northward and fin- 
ished in March 1955. The contour 
map of Jan. 3, 1955 (Fig. 7) shows 
the lowering of the water table caused 
by the incomplete drain. As only a 
short reach of the canal had been com- 
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Fig. 5. Water Table and Isochlor Contour Maps in Silver Bluff Area 


Map at left shows altitude of water table in feet above mean sea level; map at right 
shows altitude of 1,000-ppm isochlor surface in feet below mean sea level. 
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Fig. 7. Water Table and Isochlor Contour Maps Before Installation of 


Salinity Control Dams 


Maps at the left show altitude of water table in feet above mean sea level; maps at 
right show altitude of 1,000-ppm isochlor surface in feet below mean sea level. 
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Fig. 8. Water Table and Isochlor Contour Maps After Installation of 
Salinity Control Dams 


Maps at left show altitude of water table in feet above mean sea level; maps at right 
show altitude of 1,000-ppm isochlor surface in feet below mean sea level. 
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pleted by Nov. 1, 1954, the effect of 
the drainage on the salt water front 
(Fig. 7) was small and confined to 
the area near the shoreline. The in- 
land realignment of the isochlor con- 
tours shows that by May 10, 1955 
(Fig. 7), the 1,000-ppm isochlor sur- 
face had risen about 15 ft at the inter- 
section of 27th Avenue and US High- 
way 1. Comparison of the water table 
contour maps of Sep. 4, 1954 (Fig. 5) 
and Nov. 29, 1955 (Fig. 7) shows the 
dissection of the ground water mound 
that prevailed along 27th Avenue prior 
to the construction of the canal. 
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1956. Thus the 22nd Avenue Canal 
and spur canal No. 3 acted as line 
sources of recharge to the aquifer, and 
ground water flowed westward toward 
the 27th Avenue Canal, which con- 
tinued to act as a line sink, and also 
toward the bay by paths around and 
through the rock plug. Spur canal 
No. 1, which extends westward from 
27th Avenue beneath US Highway 1, 
was effectively draining the aquifer at 
this time. 

The isochlor pattern of Apr. 4, 1956 
(Fig. 7) differs from that of a year 
earlier (Fig. 7) primarily in the widen- 
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Fig. 9. Salinity Controi Dam at 27th Avenue and Biscayne Bay 


The box-type dam is constructed of sheet steel piles driven into limestone. 


The fresh- 


water head inside the dam is 2.4 ft above the outside bay level. 


Under the low water table condi- 
tions shown for Apr. 2, 1956 (Fig. 7), 
the influence of the 22nd Avenue Canal 
and spur canals No. 3 and 4 is appar- 
ent. An area of normally high ground 
water levels east of 22nd Avenue and 
north of US Highway 1 was tapped 
by canal No. 4, producing relatively 
high head along 22nd Avenue outlet 
canal and spur canal No. 3. Because 
of an unexcavated rock plug 100 ft 
wide near the bay, the canal system 
was not open to the bay on Apr. 2, 


ing of the V-shaped contours. This 
widening indicates a lateral spreading 
of salt water away from the 27th Ave- 
nue drainage canal. The 22nd Avenue 
canal system, which was recharging the 
aquifer, had not been in existence long 
enough to produce a mappable effect 
on the salt water front. 


Expulsion of Salt Water After In- 
stallation of Dams 


The water table and isochlor maps 
of Fig. 8 show the changes in the hy- 
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drologic situation after salinity control 
dams were installed in August 1956 at 
the intersections of 27th Avenue and 
22nd Avenue with Biscayne Bay. The 
dams were so constructed that their 
crests were approximately 2.8 ft above 
mean sea level (Fig.9). The practical 
design of the dams fulfills several pur- 
poses: (1) the long overflow crest of 
the box-type dam permits the rapid 
discharge of large volumes of water 
collected from the highway surface dur- 
ing heavy rainfall, thus preventing dam- 
age to the roadbed; (2) salt water is 
prevented from moving directly up- 
stream in the canal during reverse tidal 
flow; (3) the established crest pre- 
vents waste of fresh ground water ; and 
(4) the relatively high fresh-water head 
maintained near the bay locally de- 
presses the salt water front to depths 
not possible even before the canal was 
cut. 

The effect of installing the 27th Ave- 
nue control dam is clearly demonstrated 
in maps of the water table (Fig. 8). 
Even at the extremly low stage of Jan. 
16, 1957 (Fig. 8), a fresh-water head 
of slightly more than 1 ft above mean 
sea level was maintained in the canal 
system. Although the contour pattern 
along the spur canal described in num- 
ber 1 is the same as it was during 
drainage, this segment of the canal sys- 
tem recharges the aquifer when the 
salinity control is in place. Along 
27th Avenue midway between US 
Highways 1 and 41, in the water table 
maps of Jan. 6, 1958 and Oct. 26, 1959 
(Fig. 8), ground water under rela- 
tively high head drains into the 27th 
Avenue Canal, flows southward under 
low gradients, and recharges the 
aquifer in the vicinity of US Highway 
1, where relatively low head of the 
ground water prevails. Thus the canal 
acts*as a drainage canal in the up- 
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stream reach and as a recharge canal 
in the downstream reach. 

This redistribution of ground water 
head by the canal produced an unpre- 
dicted effect on the salt water front. 
In January 1957, when the 27th Ave- 
nue control was installed 5 months, a 
noticeable bifurcation of the salt water 
tongue developed near the intersection 
of 27th Avenue and US Highway 1 
(Fig. 8). Seaward of the intersection, 
the high heads of fresh water rap- 
idly depressed the 1,000-ppm isochlor, 
shown by the downstream-pointed V in 
the contours. Inland from the inter- 
section, the lobe of salt water that had 
intruded during drainage was almost 
stagnant, having a slight tendency to 
be pushed eastward by fresh water 
moving toward the canal from the west. 
In the isochlor map of Jan. 9, 1958 
(Fig. 8), the dissected lobe was suffi- 
ciently distinct to be mapped as a salt- 
water mound. In the map of Feb. 20, 
1959 (Fig. 8), the mound was gradu- 
ally being dissipated by dispersion of 
the salts and flushing. 


Summary and Conclusions 


In many areas where pumping is 
the primary cause, salt water encroach- 
ment takes on the aspect of an irre- 
versible onslaught of trouble, for in 
most cases pumping continues until the 
water becomes salty. The Miami area 
is blessed with a very high rate of 
recharge from rainfall, which averages 
about 60 in. per year, and this results 
in a bountiful ground water supply. 
These blessings do not mean that the 
water resources of the area cannot be 
jeopardized by unwitting development. 
With proper control, however, the 
problem of salt water encroachment can 
be solved, as this article has reported. 

Leopold * has stated: 

America is now entering a period in 
which management rather than water 
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development will be the major engineer- 
ing task.... Management. . . requires 
foresight in identifying both possibilities 
and difficulties, and initiation of investiga- 
tions of ways to overcome the difficulties. 

Appraisal, from the standpoint of man- 
agement, is not merely the collection of 
records. To record history is neither ap- 
praisal nor management. Records are 
used to evaluate the characteristics of the 
resource. The function of management 
is to project these characteristics into the 
future, forecast the results of alternative 
actions, and develop plans utilizing these 
forecasted results to attain desirable 
results. 


A completely adequate system of 
storm sewers for highways had been 
designed. That a damaging effect on 
fresh-water supplies would result from 
the system was not recognized until 
construction was underway. The co- 
operation of state, county, and city 
engineering departments, however, pro- 
vided a solution that fulfilled the pri- 
mary objective of the storm sewer 
without significantly damaging valuable 
water resources. No one is better 
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equipped to protect these resources than 
the local water control engineer or the 
superintendent of the municipal water 
system. The final outcome of this 
case history is not completely known. 
It is clear, however, that the active 
interest and acceptance of responsi- 
bility of the several parties concerned 
helped overcome the difficulties. This 


case history may be considered an 
example of good water management. 
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Unusual Cases of Copper Corrosion 


George B. Hatch 


A paper presented on Jun. 16, 1960, at the Pennsylvania Section Meet- 
ing, Pittsburgh, Pa., by George B. Hatch, Corrosion Research Group 
Leader, Calgon Co. (Div. of Hagan Chemicals & Controls), Pitts- 


burgh, Pa. 


IHE consumer generally feels that 

copper tubing should last a lifetime, 
and usually he is not disappointed. 
But in those rare instances when pit- 
ting occurs in copper tubing, holes may 
be formed after approximately a year 
of operation. 

Copper, like other metals used for 
potable-water tubing, can be damaged 
from both general and localized corro- 
sion. General corrosion of copper tub- 
ing in water service produces harmful 
side effects but seldom causes an ap- 
preciable decrease in the life of the tub- 
ing. Further, general corrosion usu- 
ally can be controlled rather simply by 
treating the water. Localized corro- 
sion markedly decreases the life of tub- 
ing. Most problems of copper pitting 
still remain to be solved by the corro- 
sion investigator, but some puzzling 
instances of pitting encountered by the 
author may be of interest. 


Normal Film Formation 


A thin film of cuprous oxide nor- 
mally forms on copper surfaces exposed 
to potable waters. This oxide film gen- 
erally is very fine grained, tightly ad- 
herent, and quite highly protective. It 
frequently is overlain by thin deposits 
of basic cupric salts that often enhance 
the protection. 

The cuprous ion is rather unstable 
and readily oxidized. Hence, only the 


quite insoluble cuprous compounds or 
the rather tightly bound cuprous 
complexes are found in appreciable 
amounts. Cuprous oxide, as a result 
of its insolubility, generally forms next 
to the metal surface. In addition, me- 
tallic copper will reduce cupric ion to 
the cuprous form. Cuprous chloride 
also is only sparingly soluble and may 
form as a corrosion product. It has 
been reported to undermine the oxide 
on occasion and lead to disruption of 
the protective film.’ 

The cupric compounds generally 
found over the cuprous oxide film are 
basic carbonates, basic sulfates, or basic 
chlorides. Which of these basic salts 
will be found depends to a considerable 
extent on the relative concentrations of 
the particular anions in the water. Oc- 
casionally cupric oxide also will be 
found over the cuprous oxide film. 
Equilibria in the copper—cuprous ion— 
cupric ion system are complicated by 
the rather large number of complexes 
formed by both the mono- and divalent 
forms. 


General Corrosion 


General corrosion of copper usually 
proceeds at too slow a rate in potable 
waters to affect appreciably the life of 
the tubing. Corrosion products, gen- 
erally basic cupric salts, may slowly 
build up on the tube surface, but rarely 
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to such an extent as to cause trouble. 
The corrosion products also may dis- 
solve in the water and cause a number 
of secondary problems. Perhaps the 
most obvious of these problems is the 
green or blue staining of washbewls 
and bathtubs. 

A somewhat less obvious problem 
resulting from dissolved copper is its 
accelerative action on the corrosion of 
the more anodic metals that water may 
contact. Dissolved copper can deposit 
on iron and steel and markedly accel- 
erate their corrosion. Although this 
can constitute a serious problem in re- 
circulating systems, sufficicat deposi- 
tion to cause trouble seldom occurs in 
once-through domestic service. But 
zine (in galvanized steel, for example ) 
and aluminum are markedly more sus- 
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Influence of Dissolved Copper 
on Zinc Corrosion 


A concentration of 0.1 ppm copper caused 
roughly a fivefold increase in the corro- 
sion rate. 
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Fig. 2. Influence of Dissolved Copper 
on Aluminum Corrosion 


The corrosion of aiuminum induced by 
copper was even more highly localized 
than that of zinc. 


ceptible than steel to the deleterious 
action of dissolved copper. The ex- 
treme susceptibility of zinc and alumi- 
num to traces of dissolved copper has 
been mentioned in the literature often 
but ignored in practice too frequently ; 
hence it can stand reiteration here. 
Figure 1 shows the influence of dis- 
solved copper on the corrosion of zinc 
by Pittsburgh tap water.* A concen- 
tration of 0.1 ppm copper caused 
roughly a fivefold increase in the cor- 
rosion rate. Further, it caused a locali- 
zation of aitack and marked pitting. 


* These data were the results of small- 
volume (1 liter), agitated batch tests of the 
type described previously.2 The tests were 
conducted at 35.0°C and pH 6.5, and lasted 
5 days. 
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Figure 2 shows similar data for alumi- 
num.* The accelerated attack on the 
aluminum caused by the dissolved cop- 
per was even more highly localized 
than the attack on zinc. 

Eievation of the pH of the water to 
6.8 or 7 generally suffices to reduce 
copper pickup to a very low level. 
There are, however, occasional excep- 
tions where more extensive pH eleva- 
tion is required. Glassy phosphates 
occasionally have been used to avoid 
additional pH elevation in the control 
of copper pickup. For example, an 
East Coast municipal supply of soft 
water continued to cause copper stain- 
ing after the pH had been raised to 7. 
This was stopped by the subsequent 
addition of a sodium-phosphate glass,7 
although it had been added primarily 
for control of ferrous corrosion. It is 
perhaps of interest to note that this 
phosphate glass exerts some inhibi- 
tive action on copper pickup where 
the corrosion products are basic cupric 
chlorides, but not where they are basic 
sulfates. 

Although a rare occurrence, the 
buildup of corrosion products produced 
by an essentially general attack of cop- 
per can proceed to such an extent as 
to cause trouble. Such a problem was 
experienced in several copper tubing 
lead-ins and domestic lines of a system 
with a soft, low-pH supply. Water 
analysis showed: total hardness (as 
CaCO,), 14 ppm; total alkalinity (as 
CaCO,), 13 ppm; chloride concentra- 
tion, 10 ppm; and pH, 6.25. 

The system was treated with a 
sodium-zine phosphate glass t to con- 


* Type 3003-H14. 

+ Calgon, made by Calgon Co., Pittsburgh, 
Pa. 
t Calgon TG. 
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trol ferrous corrosion. The appear- 
ance of a section of one of these do- 
mestic copper lines is shown in Fig. 3 
(left). The bulk of the deposit—that 
is, the light material in the figure—is 
a copper phosphate that is in itself 
unique. It was not expected, par- 
ticularly as a 6-month test at the filtra- 
tion plant had shown no trace of de- 
posit in copper lines. Apparently the 
low concentration of other anions ren- 
ders this the least soluble form. The 
black streaks appear to be cupric 
oxide. The cuprous oxide present is 
rather coarse and from its physical 
appearance would not be expected to 
provide a very protective film. Figure 
3 (right) shows the appearance of the 
line after pickling. The attack is es- 
sentially general, although there is a 
streak of the metal that has not suf- 
fered appreciable attack. 

The lines became plugged in a few 
isolated instances, but most of the cop- 
per tubing, including adjacent lead-ins, 
was not affected. Such isolated attack 
in a system is unusual where essen- 
tially general corrosion of copper is 
involved. Isolated attack is more char- 
acteristic of pitting. 

The problem recently was compli- 
cated by the detection of direct-current 
voltages of about 1 v, with occasional 
surges of 10 v between the house pip- 
ing and one of the plugged lead-ins. 
The pertinence of this observation, 
however, seems quite questionable. 
There appears to be no logical reason 
for the current to jump back and forth 
between the high-conductance pipe and 
the very high-resistance water. In the 
absence of such a flow of current from 
the pipe to the water, and vice versa, 
no effect on the corrosion normally 
would be expected. Thus, the cause 
for the attack remains obscure. 
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Impingement Attack 


Impingement attack formerly seemed 
to be more or less confined to tubing 
in the marine and industrial fields, par- 
ticularly to condenser service with sea 
water or brackish supplies. During re- 
cent years, impingement often has 
occurred with municipal supplies. 


This apparently has resulted from the 
use of existing facilities for expanded 
operations, together with a tendency to 
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corrosion does not include resistance 
to impingement. In this respect, cop- 
per is one of the least resistant of the 
metals commonly employed for water 
service. The flow velocity that can 
be tolerated by copper tubing without 
danger of impingement is somewhat 
dependent on the type of water han- 
dled. Apparently it is influenced by 
the speed with which the protective 
film can be formed and _ repaired. 
From a practical point of view, flow 


Fig. 3. Appearance of Domestic Copper Lead-In Plugged With Corrosion Products 
and After Pickling 


The photograph at the left shows the lead-in plugged with corrosion products. 
light material is a copper phosphate deposit. 


The 
The photograph at the right shows the 


appearance of the line after pickling. 


underestimate the sizes of tubing re- 
quired for new installations. 
Impingement results from excessive 
flow velocities. The rippled appear- 
ance of the metal in the affected areas 
seems to suggest solely mechanical ac- 
tion, but the deterioration actually is 
of an electrochemical nature. The high 
flow velocities interfere with the nor- 
mal protective-film formation; conse- 
quently the attack proceeds at an ab- 
normal rate. The generally high re- 
sistance of copper to most forms of 


velocity generally should be no greater 
than 5 fps for most municipal waters. 
The flow velocity that can be tolerated 
is markedly reduced when entrained 
air bubbles or suspended solids become 
involved. 

It perhaps should be emphasized that 
the preceding statements on impinge- 
ment apply to copper rather than to 
its alloys. Many of the alloys show 
markedly greater resistance to impinge- 
ment attack than does copper itself. 
As a result, the alloys generally are 
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used for industrial service where rather 
high flow velocities may be anticipated. 

Impingement pits generally are un- 
dercut on their downstream ends. 
Often the pits are horseshoe shaped. 
Occasionally, the affected surface pre- 
sents a rippled appearance without 
definite undercutting on the down- 
stream end. When active impingement 
is in progress, the affected areas re- 
main essentially free of deposits. 

The appearance of a copper lead-in 
line affected by a severe and wide- 
spread impingement attack in a hard 
bicarbonate well water (pH 7.3) is 
shown in Fig. 4. This line (1.5 in.) 
served a motel where operations appar- 
ently had exceeded expectations to a 
considerable degree. The undercutting 
on the downstream side (the upper 
side in Fig. 4) was so extensive that 
the tube surface had the feel of a rasp. 
The entire tube surface was covered 
with closely spaced impingement pits. 
Such widespread attack is rather un- 
usual. It might be noted that the 
downstream ends of the pits where 
the attack had proceeded most rapidly 
were essentially clean. Light deposits 
were present on the unpitted areas and 
on the upstream ends of the pits. 

Figure 5 (left) shows impingement 
in an air cooler that handled water 
from an industrial well supply of rather 
poor quality. Water analysis showed: 
total hardness (as CaCO,), 1,450 ppm; 
total alkalinity (as CaCO,), 172 ppm; 
chloride concentration, 820 ppm; sul- 
fate concentration, 850 ppm; and pH, 
7.2. Most of the affected area is rather 
uniformly thinned ; in fact, the failures 
encountered resulted from excessive 
thinning. The protrusions resembling 
tubercles have an outer coating of iron 
oxide and an underlying layer of mala- 
chite (basic cupric carbonate). By 
far, however, the major portion of 
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these protrusions consists of metallic 
copper, as shown in Fig. 5 (right) by 
the appearance of the tube after pickling. 

The presence of iron oxide and cor- 
rosion products on the copper protru- 
sions does not appear to indicate that 
particularly severe mechanical action 
had occurred. The manner in which 
the protrusions survived the impinge- 
ment is rather puzzling. It looks as 
though the iron deposits and corrosion 


Fig. 4. Impingement Attack on 
Copper Lead-In 


Such an impingement attack was unusu- 
ally widespread. 


products had shielded the protrusions 
from the impingement. 

Severe impingement attack of cop- 
per tubing was found in the recirculat- 
ing hot-water system of a hospital us- 
ing a municipal supply with these 
characteristics: total hardness (as 
CaCO,), 80 ppm; total alkalinity (as 
CaCO,), 66 ppm; sulfate concentra- 
tion, 12 ppm; chloride concentration, 
5 ppm; and pH, 7.5. The water tem- 
peratures were maintained in the range 
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140-160°F. The appearance of a pick- 
led section of copper tubing from the 
system is shown in Fig. 6 (right). 
The pits show marked undercutting 
on the downstream side (the right side 
in Fig. 6) and a rather unusual elonga- 
tion at right angles to the direction of 
flow. Excessive flow velocities were 
maintained, and a similar attack on the 
copper occurred throughout the sys- 
tem. Numerous replacements have 


GEORGE B. HATCH 


Jour. AWWA 


portions of the system near the suction 
side of the circulating pump. In such 
instances, air that separates from the 
water as a result of pressure reduction, 
or air pulled into the lines through 
leaky faucets, seems to be responsible 
for the localization of the attack in 
this particular portion of the system. 

The recirculating hot-water system 
of the hospital mentioned before also 
contained some steel, the corrosion of 


Fig. 5. Impingement Attack on Copper Tube From Air Cooler Before 
and After Pickling 


The photograph at the left shows impingement in an air cooler before pickling. The 
tubercle-like protrusions have an outer coating of iron oxide and an underlying layer 
The eppearance of the tube after pickling is shown at the right. 


of malachite. 


been necessitated; and from the ap- 
pearance of the sections examined, it 
seems only a matter of time before all 
the lines will have to be replaced. 
Even the bronze tube fittings, which 
are considerably more resistant to im- 
pingement than is copper, were simi- 
larly attacked, though the attack was 
less severe. 

Impingement in recirculating hot- 
water lines often is localized in the 


which caused red-water troubles. In 
January 1960, a sodium-zinc phosphate 
glass was applied to the system in a 
5-ppm concentration to protect the 
steel. A section of copper tubing, be- 
fore pickling, removed from the system 
several months later is shown in Fig. 6 
(left). The pits contain light deposits 
and show no bright, bare copper areas. 
The impingement appears to be no 
longer active. The glassy phosphates 
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normally form very light films on cop- 
per (unless it is the cathode of a gal- 
vanic cell) and are not particularly 
effective copper inhibitors. Conse- 
quently, it appears that the mechanical 
shielding of the copper surface by the 
light deposit was responsible for the 
inactivation of the impingement attack. 

The deposits are rather loosely ad- 
herent and consist primarily of calcium 
phosphate and small amounts of zinc. 
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the deposit to be more readily subject 
to mechanical removal than is the oxide 
film. Perhaps the action could be 
more readily explained if the higher 
velocities were found to remove the 
copper ions before oxide film forma- 
tion could occur. Then the loose de- 
posit would tend to retard removal of 
copper ions from the metal surface and 
thereby allow time for the oxide film 
to form. (Added effective life of the 


Fig. 6. Impingement Attack of Copper in a Recirculating Hot-Water System Before 
and After Pickling 


The photograph at the left shows impingement of copper tubing arrested by deposits ; 
the same tubing after pickling is shown at the right. 


The latter appears to be concentrated 
at the metal surface. The physical 
characteristics of these deposits are 
certainly not such that they would be 
expected to provide much resistance to 
mechanical removal. 

The action of the loosely adherent 
deposit is difficult to explain if the im- 
pingement proceeds through mechani- 
cal disruption of the cuprous oxide as 
soon as it forms. One might expect 


rather unstable cuprous ion would be 
afforded by reduction of cupric ions by 
the copper surface.) 


Pitting Attack 


Pitting of copper tubing is quite 
rare in potable waters and very un- 
predictable. A history of excellent 
service for a given supply is not abso- 
lute insurance that the next installa- 
tion will not fail in a short time as a 
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result of perforation. Probably, the 
rarity with which copper pitting is 
encountered is chiefly responsible for 
the scarcity of information regarding 
the causes of the pitting. Laboratory 
study of the problem is markedly im- 
peded by the difficulty of initiating pit- 
ting attack by any treatment that con- 
ceivably might be encountered in serv- 
ice. When pitting of copper in an 
actual system is investigated, pertinent 
detailed information about the system 
is generally scarce, primarily because 
the pitting is so unexpected. 


Cold-Water Line 


Serious pitting of copper tubing was 
experienced in portions of cold-water 
(45-70°F) lines of an industrial sys- 
tem within 2 years of service. The 
well water supply employed was rather 
hard, but otherwise of good quality: 
total hardness (as CaCO,), 240 ppm; 
total alkalinity (as CaCO,), 197 ppm; 
chloride concentration, 6 ppm; sulfate 
concentration, 3 ppm; and pH, 7.8. 

Portions of the lines showed light 
malachite (basic cupric carbonate) de- 
posits and small amounts of silica, a 
very light general attack. Adjacent 
sections showed similar light deposits, 
but severe pitting. There was a 
marked concentration of pits on half 
the tube circumference but no specific 
orientation of the pitted half with re- 
spect to the position of the tube in 
service. The pits were on the top in 
some sections and on the bottom in 
others. 

An explanation of such results 
seems impossible with reference to wa- 
ter characteristics alone. Further, no 
structural or compositional differences 
between the pitted and unpitted tubes 
could be detected. Differences in sur- 
face conditions were suspected to be 
the cause of the pitting more or less 
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by a process of elimination. It was 
hypothesized that surface conditions on 
portions of some tubes rendered them 
particularly susceptible to localized at- 
tack. No peculiar surface conditions 
could be detected adjacent to the pits 
at the time the tubes were examined. 
Although this does not preclude the 
possibility that these conditions dis- 
appeared or became obscured during 
service, it provides no support to the 
hypothesis. 


Sprinkler System 


A rather peculiar case where the 
pitting localized in one size of copper 
tubing was experienced in a sprinkler 
system served by a well water of ap- 
parently good quality: total hardness 
(as CaCO,), 112 ppm; total alkalinity 
(as CaCO, ), 184 ppm; sulfate concen- 
tration, 9 ppm; chloride concentration, 
35 ppm; and pH, 7.3. 

The larger lines (1.25 in.): in this 
system pitted ; the smaller lines (1 in.) 
did not. The pits in the larger copper 
tubing were much deeper on the bot- 
tom of the tubes than elsewhere ; those 
in other portions of the tubes appeared 
to be just starting to develop. 

The major portion of the tube sur- 
face was covered with a light-green 
deposit, which consisted of malachite 
(basic cupric carbonate) with a light 
covering of calcite and siliceous mate- 
rial. The thin deposit on the larger- 
size tube was occasionally broken on 
the bottom half by green malachite tu- 
bercules. The malachite was of a nod- 
ular (botryoidal) form, which is rather 
common for this material. Removal 
of the tubercules revealed pits partially 
filled with relatively coarse, well formed 
crystals of cuprous oxide. 

The relatively thin malachite deposit 
on the unpitted areas of the larger tub- 
ing was rather loosely adherent and 
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could readily be flaked off. Scattered 
small bright areas were present in the 
underlying fine-grained cuprous oxide 
film. These bright spots are indicative 
of localized breakdown of the oxide 
film with active local attack of the 
metal surface. They are suggestive of 
an incipient stage of pit development. 
The difference in the behavior of the 
two sizes of copper tubing appeared 
to reflect differences in surface condi- 
tions. The surface condition of the 
larger tubing seemed to be particularly 
susceptible to pitting attack. Here 
again there was no evidence of the 
specific surface condition involved. 
The advanced pit growth on the bot- 
tom of the tubes suggested that seep- 
age and sediment collected in these 
buried lines during installation. But 
if this were true, no appreciable con- 
centration of any sediment remained in 
the tube at the time of examination. 
The relatively large crystals of cu- 
prous oxide found within the pits are 
perhaps one of the more significant 
features revealed by laboratory exami- 
nation of the tubes. The protective 
value of rather loosely bound crystals 
of this type might be expected to 
be almost negligible. They certainly 
would not form an effective barrier 
to isolate the underlying bare metal 
from the action of the water. Such 
relatively large crystals are indicative 
of slow growth. (Entirely apart from 
crystal size, slow growth is not con- 
ducive to protective film formation.) 
Apparently, the cuprous oxide forma- 
tion was retarded, with the result that 
the bulk of the cuprous ions diffused 
away from the surface and oxidized. 
Slow crystal growth could result in a 
number of different ways—for exam- 
ple, increased solubility of cuprous ox- 
ide, complex formation with a resultant 
decreased cuprous ion concentration, 


COPPER CORROSION 1425 


and adsorption of foreign material on 
the crystals. Unfortunately, the rea- 
son for the slow oxide growth in this 
particular case remains obscure. 


Domestic Service Line 


Numerous failures of domestic cop- 
per service lines from pitting were en- 
countered in a Canadian municipal sys- 
tem. One of the more peculiar features 
of this attack was its apparent initiation 
after the formation of a fine-grained 
oxide film had occurred, a film that 
normally might have been expected to 
be quite protective. 

The well supply of the town, a hard 
bicarbonate water with a rather high 
sulfate concentration, had these char- 
acteristics : total hardness (as CaCO, ), 
306 ppm; total alkalinity (as CaCO,), 
168 ppm; sulfate concentration, 160 
ppm; chloride concentration, 1 ppm; 
and pH, 7.0. 

Examination of the tubing showed 
pits in all stages of development, from 
mere bright spots to perforation of the 
tube wall. The major portion of the 
tube surface was covered with a thin, 
rather loosely adherent nodular green 
deposit of basic cupric carbonate. Be- 
neath this was a smooth dark film. Jn 
situ X-ray examination of this dark film 
revealed only cuprous oxide. There 
were numerous small breaks in the 
dark film where a pitting attack ap- 
peared to be active. Relatively large, 
well formed crystals of cuprous oxide 
were present in and adjacent to the 
pits. The dark film also was disrupted 
in a band roughly 2 in. wide extending 
lengthwise along the tube. This band 
showed numerous clumps of rather 
coarse cuprous oxide crystals, together 
with areas of apparently bare metal. 
The smooth, dark, oxide film was 
rather loosely adherent to the metal 
surface in the areas adjacent to the pits 
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and could be chipped off quite readily. 
The underside of the film consisted of 
relatively large cuprous oxide crystals. 

The general appearance of the pits 
is shown in Fig. 7. The white spots 
within the pit at the left are a result 
of light reflections from properly orien- 
tated faces of the relatively large cu- 
prous oxide crystals on the pit surface. 
The dark area immediately above and 
to the left of this pit also consists of 
coarse cuprous oxide crystals. The 


Fig. 7. Pits in Domestic Copper 
Water Line 


The white spots in the two pits are caused 
by light being reflected from crystals or 
from bare copper. 


area around the pits and extending to 
the lower right corner of the photo- 
graph is bare copper; the light spots 
in this area result from reflections from 
the roughened metal surface. The light 
spot in the lower portion of the pit 
at the right also results from bare 
copper. The upper and lower left por- 
tions of the photograph show the rela- 
tively smooth oxide film. At the left 
and extreme right of the pits are por- 
tions of the overlying malachite layer. 
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Normally, growth of the oxide film 
would be expected to proceed from the 
outer surface—that is, by outward dif- 
fusion of cuprous ions through the ox- 
ide film and subsequent additional ox- 
ide formation. The appearance of these 
tubes, however, suggests that the coarse 
oxide crystals slowly formed under the 
initial fine-grained oxide film. It is 
possible that the film was excessively 
porous. Apparently, the large crystals 
disrupted the fine-grained oxide film 
in numerous areas and exposed the 
underlying bare metal to attack. Where 
the fine-grained oxide film was dis- 
rupted over a rather wide area—such 
as the band extending along the tube 
—attack of the metal was of an essen- 
tially uniform nature. Pitting resulted 
where the film was disrupted in more 
localized areas. This suggests that the 
film-covered surfaces were markedly 
cathodic to these bare areas. 


Hot-Water Line 


A recent pitting failure of a copper 
line in a Pittsburgh district is perhaps 
of interest, particularly in view of the 
good service generally obtained with 
copper in this locality. The line in 
question carried very hot water (180- 
200°F) and failed after 3-4 years of 
service. The very high temperature 
undoubtedly contributed to the attack. 
The water was a lime-soda~softened 
surface supply of the following aver- 
age composition: total hardness (as 
CaCO, ), 100 ppm; total alkalinity (as 
CaCO,), 30 ppm; sulfate concentra- 
tion, 150 ppm; chloride concentration, 
i8 ppm; and pH, 8.5. 

The high temperature combined with 
a relatively high pH resulted in the 
formation of a hard, dense scale roughly 
js in. in thickness. The scale con- 
sisted of a white deposit sandwiched 
between two dark-brown layers. Spec- 
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trographic analysis showed the follow- 
ing metals to be present: major—alu- 
minum; low major—calcium, silica, 
magnesium, and copper; minor—iron 
and manganese ; and low minor—nickel. 
Calcium carbonate, cuprous oxide, a 
hydrated aluminum silicate, a basic 
magnesium compound with a serpen- 
tine structure, and hydrated manganese 
oxide were among the constituents pres- 
ent. The low minor of nickel is some- 
what unusual and apparently represents 
pickup from equipment ahead of the 
copper line. The dense, adherent char- 
acter of the deposit might lead one to 
expect that it was protective, but such 
was not the case. 
small pits extended completely through 
the metal. The pits were filled with 
relatively coarse cuprous oxide crystals. 

In many places on the line, the 
cuprous oxide was too coarse to pro- 
vide a good protective film. As a 


result, attack on the underlying metal 


continued, and the coarse oxide layer 
on the affected areas thickened. Even- 
tually, penetration of the metal re- 
sulted from a pit filled with rather 
coarse oxide. In this instance, the 
scale apparently retarded the escape of 
water sufficiently to allow it to just 
seep out through the porous oxide 
plugs. As in the domestic service line 
mentioned before, the cuprous oxide 
probably formed too slowly to provide 
a fine-grained protective film. 
Manganese deposits were reported 
by Campbell * to cause pitting of cop- 
per in soft waters. He also found cer- 
tain waters to contain a natural inhibi- 
tor, the exact nature of which is 
unknown, that prevents such pitting. 
The inhibitor, however, is removed by 
an alum floc, and would probably be 
absent in this case. It seems difficult 
to attribute the pitting to manganese 
deposits, in view of the excellent serv- 
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ice provided by copper tubing in other 
installations served by the same water 
supply. Moreover, numerous systems 
in the Pittsburgh district use Alle- 
gheny, Monongahela, or Ohio River 
supplies that cause problems due to 
manganese deposits, yet seem to cause 
little trouble from copper pitting. 


Other Causes of Pitting 


Campbell* also found that car- 
bonized residues formed during tube 
manufacture by thermal decomposition 
of the drawing lubricants cause pit- 
ting of copper in hard waters (waters 
with CaCO, concentrations greater 
than 100 ppm). Residues of this type 
are reputed to be quite rare with tubes 
drawn in the United States. In no 
case encountered by the author were 
definite residues of this type found 
when the pitted tube was examined, 
although in at least one instance the 
initial presence of the residues was 
suspected. In all the cases discussed 
here, metal surfaces and deposits were 
checked for the presence of carbonized 
material and manganese. 

The initial condition of a metal sur- 
face is often suspected of being favor- 
able to pitting attack. Generally this 
idea is difficult to prove; in none of 
the cases discussed has such proof been 
demonstrated. 

On several occasions, definite dam- 
age to the metal surface during storage 
or fabrication of equipment has been 
observed, but these appear to have been 
rather special cases. In one instance, 
pits were found in the copper tubes of 
a condenser that had never been in 
service. The tubes had been soldered 
into the tube sheet, and the flux— 
apparently a very corrosive one—had 
run down the interior of the tube and 
pitted the surface. In another instance, 
greenish spots were observed on the 
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interior of soft copper tubing stored 
as an unwrapped coil. The spots con- 
sisted of crystals of cupric chloride; 
under each crystal the metal was pitted. 

The coarse crystals of cuprous oxide 
found in several of the examples dis- 
cussed before were present in most 
cases of copper pitting observed by 
the author. Similar crystals also were 
noted by Campbell * * in conjunction 
with pitting of copper. From the phys- 
ical nature of these crystals, they would 
not be expected to provide a particu- 
larly protective barrier; the condition 
of the underlying metal proves that 
they did not. The large crystals are 
indicative of rather slow growth. 

The factors responsible for the slow 
formation of the relatively large cu- 
prous oxide crystals apparently involve 
the condition of the metal surface. If 
the factors were solely dependent on 
the water composition, pitting attack, 
if encountered, would be expected 


throughout the system; this is rarely 


true. The manner in which the metal 
surface influences the rate of oxide 
crystallization seems rather puzzling. 
There are several conceivable mecha- 
nisms whereby this might occur, but 
no evidence points to a mechanism that 
is actually operative. 

The cases of copper pitting discussed 
do not permit conclusions to be drawn 
with regard to the influence of water 
composition on pitting attack. But it 
may be of interest to note that the pH 
range was 7-8.5 in these cases, a range 
in which few difficulties from general 
attack would be expected. 

At least in the cases investigated, 
the chief protective film appears to be 


GEORGE B. HATCH 


Jour. AWWA 


cuprous oxide. Such basic cupric salts 
as the basic carbonates may reinforce 
this film, but they do not appear to 
suffice in the absence of an essentially 
continuous cuprous oxide film. The 
attack generally proceeds at a very slow 
rate as long as this oxide remains in 
good repair. Apparently, even under 
normal conditions, the cuprous ions 
must effectively remain adjacent to the 
metal surface for an appreciable time 
to permit formation of the oxide. 
When they are remeved too fast—dur- 
ing impingement, for example—rapid 
attack ensues. Rapid attack also can 
occur—in the absence of excessive flow 
velocities—if formation of the cuprous 
oxide is abnormally slow. If this hap- 
pens, relatively large cuprous oxide 
crystals that afford incomplete surface 
coverage will form. When large areas 
of the metal are thus affected, an essen- 
tially general attack occurs at an ab- 
normal rate; when only small local 
areas are so affected, pitting results. 
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HE rapid increase of peak demands 
on distribution systems in recent 
years has intensified the need for meth- 
ods of predicting a system’s peak de- 
mand capability. With the increased 
use of ground storage and pumps to 
supply the peak requirements, and with 
the development of multilevel systems 
interconnected by pumps and regulat- 
ing valves, distribution system opera- 
tion has become quite complex. The 
planning for additions to distribution 
systems has likewise become complex. 

Long before methods for the analysis 
of flow in pipe networks were avail- 
able, distribution systems were planned 
and operated by trial and error with 
quite satisfactory results. With the 
development of centralized telemeter- 
ing and supervisory control, this pro- 
cedure, used with judgment and ex- 
perience, is often quite successful in 
correcting operational difficulties and 
planning additions to existing systems. 
This trial and error procedure is suit- 
able for a gradual improvement of a 
network in which changes are made a 
step at a time, between periods of ob- 
servation when the effect of the 
changes can be evaluated. But because 
of the accelerated development since 
World War II, time is not always 
available to apply this procedure prop- 
erly. Thus engineers have been led 
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to seek better methods of predicting 
the flow and pressure in a network 
in order to anticipate and correct oper- 
ating difficulties and inadequate distri- 
bution facilities before frantic calls to 
the water office point them out. 

The determination of flow and pres- 
sure in a distribution system through 
the use of analytic procedures has been 
possible for many years. Three meth- 
ods are commonly used. Briefly de- 
scribed, these are: 

1. Computation by a trained engi- 
neer or technician applying the method 
of successive corrections developed by 
Hardy Cross? (hand method). 

2. Computation by digital computer 
applying the method of successive cor- 
rections developed by Cross (com- 
puter method). 

3. Measurement of the current and 
voltage in an analogous electrical net- 
work, using a network analyzer * 
(analog method). 

This article will consider the utili- 
zation of known or predicted peak- 
demand data in the development of 
operating procedures, and in the plan- 
ning of new facilities by the analytic 
methods described above. 


*MclIlroy Pipeline-Network Analyzer, 
Standard Electric Time Co., Springfield, 
Mass. 
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Characteristics of Peak Demand 


Dependable data on the peak de- 
mands that must be met by a water 
distribution system are not plentiful. 
Until recently, systematic collection 
and study of such data had never been 
undertaken. Committee 4440 M@— 
Water Use began a study in 1957. 
This committee collected considerable 
information from various parts of the 
country and evaluated this data in 
terms of the ratio between the average 
demand for the year and the demand 
during the peak day and the peak 
hour.? In this study it was found that 
the peak-day demand correlated with 
climate, but that the demand for the 
peak hour was more closely related to 
the nature of the community than to 
climate. The mean ratio between the 
peak day demand and the average 
yearly demand in the humid areas of 
the United States appeared from these 
studies to be approximately 1.60:1. 


By statistical methods, it was found 
that this ratio could reach a value as 
high as 1.88:1 once in 20 years and 
2.0:1 once in 100 years. 

These data were based on systems 


serving more than 10,000 people. In 
the smaller systems, it is believed that 
the ratio would be larger. It appeared 
that in arid areas in the United States, 
the ratio between the peak day demand 
and the average yearly demand lies 
in the range of 2.0-2.6:1, with values 
as high as 2.36-3.03:1 occurring once 
in 20 years and 2.51-3.2:1 once in 
100 years. 

Data from six utilities across the 
country indicated ratios of maximum- 
hour demand to maximum-day de- 
mand of 1.5—2.0:1, with extremes of 
1.8-2.2:1 occurring once in 20 years 
and 1.9-2.3:1 occurring once in 100 
years. Based on the 20-year fre- 
quency, the rate of demand during the 
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maximum hour could be 3.4-6.6 times 
the average demand for the year. The 
peak hourly rate of demand is of pri- 
mary interest in distribution network 
studies. Despite the extreme vari- 
ations indicated, this statistical ap- 
proach to peak demand determination, 
when applied to adequate experience 
data classified according to climate, 
offers the best possibility for predic- 
tion of future peak demand yet 
developed. 

Accurate data on peak demand are 
essential when making an analysis of 
the flow in a distribution network. 
Adequate metering facilities and con- 
tinuous and accurate records of de- 
mand are indispensable. Normally the 
peak hourly rate of demand is deter- 
mined from a master recording meter 
or from a combination of readings 
from master meters, pumping equip- 
ment, and reservoir levels. These data 
do not necessarily provide information 
on the distribution of this demand 
throughout the system. Long-term 
(monthly or quarterly) average con- 
sumption records may be used to es- 
tablish peak demand for subareas of 
a system by applying the ratio of aver- 
age demand to peak demand and a 
proper diversity factor. Proportion- 
ing of peak demand to subareas can 
also be based on an estimate of the 
developed areas served and a previ- 
ously determined peak demand rate 
per unit of area. In arid locations, 
where lawn sprinkling is the principal 
consumptive use during the peak pe- 
riod, the peak demand is probably 
more closely related to area served 
than to population. 

Even though the peak demand can 
be determined for a given water sys- 
tem as it now exists, the planning of 
distribution networks requires the pre- 
diction of the peak demand in the fu- 
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ture, as underground pipes remain in 
service for 50 years or more. For 
short-term periods in the range of 
1-10 years, it is possible to make rea- 
sonably dependable predictions. Esti- 
mates of peak demand for periods of 
10-25 years in the future are less cer- 
tain, but where the area to be served 
can be established and a zoning plan 
for the area has been adopted, predic- 
tions suitable for reasonably accurate 
sizing of distribution piping are pos- 
sible. Long-term predictions, cover- 
ing periods of 25-50 years ahead, are 
questionable because peak demand is 
so greatly influenced by economic con- 
ditions and mode of life. In 1930, it 
would have been difficult to predict 
the present tremendous suburban de- 
velopment with its extensive home 
areas and facilities for outdoor living. 


Methods of Analysis 


The original analytic procedure for 
the determination of flows in pipe net- 
works was developed by Cross.1 The 
procedure was a by-product of the 
development of the moment distribu- 
tion method for the analysis of con- 
tinuous frames. 

The synopsis of the original paper 
by Cross includes this statement: 
“Perhaps the greatest value of the 
method is in training and assisting 
judgment, but this, of course, is the 
principal object of all analytic proce- 
dures.” Neither the analytic proce- 
dure as developed by Cross nor the 
electronic computer can be substituted 
for judgment and experience. Until 


much more elaborate computer pro- 
grams than those currently available 
are developed, the hard work of reach- 
ing a decision on the basis of incom- 
plete, questionable, and often conflict- 
ing information must still be per- 
formed by a human being. There is 
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a tendency, as is often the case with 
elaborate systems of analysis, to place 
great faith in the results of a network 
analysis simply because they are ob- 
tained by an erudite method or a com- 
plicated machine. Such an attitude is 
dangerous. No analysis is more de- 
pendable than the assumptions and 
data on which it is based. The com- 
puter, regardless of type, is not yet 
capable of examining the pipe and de- 
ducing a proper coefficient of friction, 
or of guessing what the future demand 
may be. Thus all analyses must be 
viewed only as tools that the operator 
or designer uses to assist his judgment 
on the needs of a system. 

The Cross method for the analysis 
of flow in networks is, typically, rela- 
tively simple in principle. It involves 
an initial assumption or guess of the 
flow distribution that follows the rule 
of continuity of flow. This initial 
guess is then successively corrected by 
an arithmetical application of the fun- 
damental principle of the differential 
calculus until the change in head or 
potential along any closed path is zero. 
The principle of continuity of flow and 
continuity of potential are essentially 
a statement of Kirchoff’s law. The 
method of determining the correction 
to be applied is not precise in all cases, 
but the rate of convergence of the pro- 
cedure, despite this inaccuracy, is suffi- 
ciently rapid to develop satisfactory 
answers in most cases. The procedure 
may be carried to any degree of accu- 
racy depending entirely on the need 
and the time available. This rate of 
convergence is greatly influenced by 
the initial flow distribution guess and 
by the experience of the person making 
the analysis. To illustrate, the net- 
work used later to compare methods 
of analysis was analyzed in 7 hr by an 
engineer experienced in the analysis; 
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12 hr was required for the same 
analysis by an engineer who had ap- 
plied the method only once or twice 
before, but had wide experience in the 
water distribution field. Application 
of the method by hand is economical 
for a small system. By skeletonizing 
the system—that is, by combining sev- 
eral pipes into one equivalent pipe—it 
can be used to analyze any system. It 
is particularly adapted to preliminary 
sizing and to overall master plan de- 
velopment where exact analytic results 
are an unnecessary refinement. Many 
variations on the basic procedure have 
been devised, such as the method of 
balancing equivalent pipe lengths de- 
veloped by Long and colleagues.* 
Nomographs for rapid determination 
of head loss and many other short- 
cuts are useful to the analyst who is 
engaged in this type of work regularly. 
The Cross method of analysis can 
be programed for an electronic digital 
computer. The computer is first sup- 
plied data on the characteristics of each 
pipe in the system, on the conforma- 
tion of each loop or connection within 
the system, and on the supply and 
demand points and quantities. The 
computer is also supplied an_ initial 
flow estimate which meets the require- 
ments of continuity of flow. The time 
required by the computer to obtain a 
result is again dependent on the ini- 
tial estimate of flow, and can be greatly 
reduced if the initial estimate is pre- 
pared by an experienced analyzer of 
distribution systems. The programs 
for this type of computer solution are 
available for the several types of com- 
puters now in use, although not all 
have been published. In some of these 
programs certain adjustments of the 
basic Cross procedure have been made 
in order to accelerate the convergence. 
The results of an analysis are read 
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out directly in terms of pressure loss 
and flow in each element of the net- 
work. These data, though convenient, 
generally must be transferred to a 
diagram of the system in order to in- 
sure that the results are reasonable 
and can be readily understood. 

The third method of analyzing flow 
in a network is by using the network 
analyzer. This analyzer is essentially 
an analogous electrical circuit that pro- 
duces the same relationship between 
current and voltage drop as exists be- 
tween flow and head loss in the proto- 
type distribution system. The key to 
the analyzer is the fluistor, a vacuum 
tube having the characteristic that the 
voltage drop is proportional to the 
1.85 power of the current flowing. 
Thus its characteristics are similar to 
those of a pipeline following the well 
known Hazen-Williams formula for 
head loss. The supply in the proto- 
type system is simulated on an ana- 
lyzer by an electric current source. 
Once the system has been simulated 
on this analyzer by the installation of 
the required model electrical circuits, 
any number of flow conditions can be 
rapidly checked and the head losses 
determined. The results are read di- 
rectly by use of a properly calibrated 
galvanometer. 


Sources of Error 


In any of these systems of analysis, 
the difficulties are not basically related 
to involved theoretical considerations, 
but to the mass of separate computa- 
tions or current and voltage readings 
that must be made, indicating a real 
need for logical and accurate systems 
of bookkeeping. Whether by hand, by 
computer, or by analog, careful check- 
ing of input and output and systematic 
recording of the results is essential. In- 
correct results are caused by human 
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error. The writer has found that, in 
the use of any of these methods, a com- 
plete tabulation of flows on a diagram 
of the system is essential for each 
condition that is being analyzed. Only 
by such a tabulation can errors be dis- 
covered. This is necessary for the 
same reason that Cross always insisted 
that the structural analyst must sketch 
the “deflected structure.” Unfortu- 
nately, even the computers cannot 
read the operator’s mind; they do not 
know when he has listed an incorrect 
flow or friction coefficient, has inserted 
the wrong fluistor for a given element 
of the system. Only by examining 


a tabulated flow sheet, using the logic 
and understanding of experience, is it 
possible to 
crept in. 
The previously mentioned uncer- 
tainty regarding the peak demand used 
in applying the analysis is only one 


see what errors have 


of the variables that can cause even 
the most elaborate computer analysis 
to be unreliable. Another important 
but uncertain factor that must be estab- 
lished before analysis is the friction 
loss characteristic of the pipes in the 
system. The actual friction coefficient 
will be found to vary widely, depend- 
ing on the age of the pipeline, the 
chemical characteristics of the water, 
the material of which the pipe is con- 
structed, and whether the flow is lami- 
nar or turbulent. 

It is not the purpose of this article 
to discuss the merits of the Hazen- 
Williams basis for determining head 
loss relative to the Darcy relation, ap- 
plied with due regard to Reynolds 
number and the roughness coefficient 
that results in a varying resistance to 
flow. The matter is thoroughly cov- 
ered in existing literature. It is suffi- 
cient to state that the many other un- 
certainties involved in a practical ap- 
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plication of network analysis seldom 
justify the use of elaborate or compli- 
cated methods for determining head 
loss. There is something to be said 
for adherence to the long and widely 
used Hazen-Williams formula, not be- 
cause it is necessarily correct, but be- 
cause almost all experience is ex- 
pressed in its terms. The most de- 
pendable method of establishing fric- 
tion characteristics is to analyze a sys- 
tem for a known condition of flow for 
which complete data on the actual 
losses in the system are available. 
Even this procedure may be mislead- 
ing if the flow is so low as to result 
in a laminar flow condition in some 
portions of the system. But the un- 
certainty inherent in the prediction of 
future friction loss characteristics is 
not decreased by an exact knowledge 
of existing conditions unless supple- 
mented by long experience in the op- 
eration of a given system and the cor- 
rosive characteristics of the water 
carried. 


Relative Advantages of Methods 


To those who are contemplating the 
use of analysis in developing or oper- 
ating a water distribution system, a 
comparison of the three methods may 
be of interest. The basic hand method 
of analysis requires only the time of 
a single individual to proceed through 
the laborious but simple method devel- 
oped by Cross. 

The use of the electronic digital 
computer requires a program, and a 
sufficient understanding of this pro- 
gram, to set forth the data in a form 
that can be fed into the machine. 
Computer centers now have programs 
that make it unnecessary for the water 
system operator or designer to have 
detailed knowledge of computer pro- 
graming. Forms are provided on 
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which each pipeline in the system is 
given a number. The friction char- 
acteristics (loss of head for unit quan- 
tity of flow) and initial flow assump- 
tion for each pipeline are tabulated. 
These data are then punched on cards 
or fed into the machine on tape, as 
the case may be, and the machine 
proceeds through the analysis to the 
accuracy specified. The results are 
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the analogy to simulate the prototype 
system from a diagram of the actual 
system to be analyzed. Once this has 
been done, the supply and consumption 
points are connected and a current 
applied to the computer. The flow and 
head losses are then read and recorded. 
The analog method is not well adapted 
to remote solution by transmitting 
problems by mail, but this is only be- 


TABLE 1 
Comparative Cost of Methods of Analysis 


First Analysis 


Added Analyses 


Method and Item 


Number 
of 


Analyses 


Hand 
Solution by engineer 
Computer 
Key punching & verifying 
Listing 
Computer time 
Punch cards & paper 
Transfer listed results to 
system diagram by 
draftsman 
Total 
Analog 
Set up system on analyzer by 
technician 
Analyzer operating time 
Engineer 
Total 


9.0 
4.0 
4.0 


* Estimated time. Not actually performed. 
read out on the usual form for the 
computer being used, listing for each 
pipe or element the computed flow and 
the loss in head. This entire proce- 
dure can now be completed by mail; 
the water system personnel need not 
even know what an electronic digital 
computer looks like. 

The electric analog computer re- 
quires an initial setup by a technician 
sufficiently familiar with the theory of 


cause once the analyzer is set up for 
a specific system, it cannot be used 
for any other system. 

For large systems, analysis by hand 
requires skeletonization, or too much 
labor is involved. Analysis by digital 
computer is rapid once the problem 
has been programed and the basic data 
supplied. Repeated analysis of the 
same system under many flow condi- 
tions, or with only a few elements of 


Total wey 
Hours Cost | | Cost 
: os 7.0 8.50 59.50 1 42.50* | 42.50 
oe 2.0 4.75 9.50 
2.87 
| 
| 
|} 1.0 5.25 5.25 
ae | 75.62 3 147.51 49.17 Ae 
12.00 48.00 : 
8.50 34.00 
154.00 8 357.87 44.73 
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the system altered, is even more rapid 
with the computer. By the analog 
method, once the system has been 
simulated, analysis for revised flow 
conditions can also be made rapidly. 
Any of the methods can be adapted 
for special conditions, such as incorpo- 
ration of pump rating curves or vary- 
ing storage levels. Such special condi- 
tions are much more difficult to include 
in a hand analysis simply because of 
the labor involved. 

The author recently made a com- 
parison of the three methods of analy- 
sis on the same system, and the results 
illustrate the above discussion. The 
comparative analyses were made for 
an intermediate step in the develop- 
ment of plans for expansion of the 
system. Previous analyses for an ac- 
tual flow condition had been used to 
establish the head loss characteristics. 
The somewhat skeletonized system 
consisted of 30 loops and 75 lines or 
elements. A diagram of this system, 
with pipe sizes, assumed friction char- 
acteristics (K or R factors), loads and 
sources of supply, and initial estimates 
of flow distribution is shown in Fig. 
1. The skeletonized system and the 
initial estimate of flow were developed 
by an engineer experienced in this type 
of work. From this point the analysis 
was performed by the three methods 
independently, each being carried to an 
accuracy specified as an error not to 
exceed 5 ft head loss around any loop. 
This requirement, of course, has no 
bearing on the analysis when made by 
the analog method, as the accuracy in 
that case is entirely dependent on the 
accuracy of the instrument used to 
read the voltage drop and current flow. 

The time and the cost involved, 
using published rates of charges for 
computers and normal hourly costs for 
personnel including overhead costs, 
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are shown in Table 1. The hand 
analysis was performed by an experi- 
enced engineer who had been working 
in water distribution network analysis, 
from time to time, for 10 years. The 
analysis by digital computer was per- 
formed by a machine * operated by a 
Portland, Ore., company. The analy- 
sis by the analog method was per- 
formed on the analyzer at Washington 
State University. Three additional 
analyses were made by computer with 
five pipe elements changed in one case 
and a revised flow condition together 
with minor pipe element changes in 
the two other analyses. Table 1 indi- 
cates the average cost of these three 
additional analyses. Eight additional 
analyses after the first were made on 
the analog analyzer, some involving 
considerable change in pipe size and 
flow conditions. The average costs of 
these analyses are’ also shown in 
Table 1. 

Table 1 indicates that the cost of the 
first analysis was far greater for the 
analog method than for the other two 
methods. This, of course, reflects the 
time for setting up, for checking the 
circuits and resistors, and for eliminat- 
ing errors; with the computer, the 
major cost involved was in actual 
computing. 

It is the author’s opinion that the 
system operator or designer who is to 
use the results must be present during 
the actual tabulation of results when 
the analog method is used. Only in 
this way is it certain that the correct 
system is analyzed. The person who 
is to use the results must also be pres- 
ent to study the results of the analysis 
and determine the next step, because 
under normal conditions, the analyzer 
cannot stand idle while its operator 
~ *IBM 650, International Business Ma- 
chines Corp., New York. 
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communicates with the designer to 
report results and receive instructions 
on the next step in the analysis. 

The costs shown in Table 1 do not 
include travel and subsistence which 
might apply if the analyzer were lo- 
cated some distance from the office of 
the operator or designer. Cost of 
transfer of listed computer results to 
a system diagram is included so that 
all comparative costs may be on the 
same basis. To perform additional 
analysis by the hand method, even on 
the same system, would require almost 
as much time as the original computa- 
tion. Additional atialyses on the com- 
puter requires new cards with the re- 
vised flow assumption and changes in 
pipe elements, a rerun through the 
machine, and tabulation of the new 
results. On the analog analyzer, 
changes in loads can be made rapidly 
and the new results read and tabulated 
quickly. The cost for additional analy- 
ses by the analog does not reflect the 
many partial analyses and quick checks 
of changed pipe size or flow that were 
performed in a matter of minutes and 
discarded without complete tabulation. 

It is concluded that for extensive 
continued analyses, the analog analyzer 
may have advantages. Many opera- 
tors of larger systems have installed 
permanent analog analyzers for con- 
tinuous use in study system changes 
and operational procedures. Unless, 
however, the study of the distribution 
system is to be a continuous operation 
and the cost of a permanent installa- 
tion can be justified, the use of the 
analog method appears to be more 
costly. In general, for engineering 
design uses where a series of analyses 
of a system are to be made once and 
incorporated in a development pro- 
gram that will not be reconsidered for 
a matter of years, the use of either the 


CORNELL Jour. AWWA 
hand or the computer method seems 
to be indicated. 

The basic disadvantage of the hand 
method is not cost but boredom of 
the operator. Few individuals are so 
constituted as to be able to perform 
this type of analysis continuously. 
With computer centers now available 
and programs standardized so that 
problems can be sent in by mail and 
results returned in the same day, the 
computer method is attractive. This 
allows time for the designers to study 
results and decide on the next move, 
a basic advantage over the analog 
which, once set up, can be used on 
only one system. 


Approximate Results 


All analyses of distribution systems 
are approximations, not only because 
the analysis is never carried to com- 
plete convergence, but primarily be- 
cause of the inaccuracies and uncer- 
tainties of the data on which the analy- 
sis is based. The cause of these un- 
certainties, some of which have been 
previously discussed, may be listed in 
part as follows: 

1. Inaccurate estimates of present 
demand, ' 

2. Incorrect friction characteristics, 

3. Unknown system losses, 

4. Uncertainty of predictions of fu- 
ture development and demand, 

5. Variations from the system oper- 
ating procedure on which the analysis 
was based, and 

6. Laminar flow conditions. 

Those interested in planning the de- 
velopment of distribution systems or 
in studying the operating problems of 
those systems by the use of the ana- 
lytic methods must constantly bear in 
mind that the reliability of the results 
obtained is dependent on the above 
factors and not on the method of 
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analysis used. By careful evaluation 
of the uncertainties of the basic data, 
and by adjustments of the results to 
account for these factors, it is possible 
to utilize the results of theoretical 
analysis to establish programs for de- 
velopment and operation. The possi- 
bilities for erroneous conclusions if 
these factors are not properly evalu- 
ated is serious. 


Solutions to Operating Problems 


With the increased development of 
ground storage and pumping as op- 
posed to elevated storage, the opera- 
tion of distribution systems becomes 
more complicated. The system illus- 
trated in Fig. 1 actually operates with 
no elevated storage. Pressures are 
maintained at a satisfactory level en- 
tirely by the manipulation of the pumps 
at the supply point and at the ground 
storage reservoirs within the system. 
As the system is operated in connec- 
tion with a continuously manned elec- 
tric power-generating station, super- 
visory control is available. With con- 
tinuous telemetering of the system 
pressures to the supervisory control 
point, pumps can be started or stopped 
as needed to maintain satisfactory pres- 
sures throughout the system. 

As systems such as that illustrated 
are developed, the ground storage and 
pumping facilities become more nu- 
merous, the piping network more ex- 
tensive, and operation more compli- 
cated. Eventually, simple observation 
of a series of pressure readings from 
various points in the system will not 
be sufficient to insure that ground stor- 
age is replenished during the off-peak 
period and available again during the 
peak demand hours. Careful pro- 
graming of the system operation must 
be undertaken, and the rate of bleedoff 
into ground storage during off-peak 
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periods must be sufficient to insure 
refill by the time the peak demand pe- 
riod again begins. The pressure in a 
system with no elevated storage is a 
function of the pumping capacity in 
operation and of the setting of the 
bleed-off or pressure-reducing valves. 
Thus a condition is quite possible in 
which the pressure in the system is 
maintained at an adequate level, but 
the rate of refill.of the ground storage 
is inadequate. 

The analyst and statistician for the 
Department of Water Works, Dallas, 
Tex., reports, for example, that the 
Dallas low-pressure system includes 
five ground storage reservoirs with 
supply by two pump stations. The 
problem is to fill all reservoirs by 8 
AM without spilling, and at the same 
time not valving down to an extent 
that will back up the head against 
the input stations and cut back their 
output. Such a problem can be stud- 
ied by the use of analytic procedures. 
The Dallas analyst has developed a 
method of incorporating pump char- 
acteristics into the Cross analysis and 
applying this through a digital com- 
puter. Thus, if dependable demand 
data can be developed, a distribution 
system analysis can be used for pro- 
graming operating procedures. Where 
the input supply, as at Dallas, is in 
the order of 100 mgd, the increase in 
pressure under which the system op- 
erates can seriously affect the total 
production of the supply facilities, and 
can also seriously affect the cost of 
operation. Analytic studies that may 
seem expensive to the operator of a 
small system are often justified for the 
larger systems where high expenses 
are involved in pumping. 

Another operating problem that is 
often particularly troublesome is the 
case in which systems of two, three, 
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or more levels are interconnected by 
pumps and regulating valves and are 
all supplied through the main (usu- 
ally the lowest-level) system. In such 
cases the proper selection of pumps 
and the optimum use of storage are 
not always readily apparent to the 
operator. 
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thereby eliminate the need for two of 
the four booster pumps (Booster A 
and B), which were currently used to 
deliver water from the low-level sys- 
tem to the high-level system. A pre- 
liminary examination indicated that 
this procedure might give trouble, and 
a flow analysis was undertaken to in- 
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Fig. 2. Two-Level Distribution System 


Numbers by pipelines indicate diameter in inches. 


An example of this situation recently 
came to the author’s attention. A gen- 
eral outline of the system concerned is 
shown in Fig. 2. In this case, addi- 
tional supply was developed at a point 
where transmission facilities existed 
only to the upper-level system. The 
system operator planned to increase 
the supply pumps at this point and 


sure that it would be safe to remove 
the two booster pumps. The analysis 
indicated that the piping network of 
the high-level system was inadequate 
for this method of operation. Thus, 
even though the added supply was 
sufficient to meet the demand of the 
high-level system with the two booster 
pumps eliminated, inadequate pressure 
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would result. On the basis of the re- 
sults of this analysis, the two booster 
pumps were continued in service and 
a supply interconnection constructed 
from the new source to the low-level 
distribution system. The theoretical 
analysis in this case allowed the opera- 
tor to predict an operating problem in 
advance of its occurrence and to take 
corrective measures in time. 

Flow analysis can also be used to 
study the condition of the pipe in a 
system. The system shown in Fig. 1 
was initially analyzed for a known 
condition of flow and pressure to es- 
tablish the friction characteristics of 
the pipe in the system. A good agree- 
ment between measured and computed 
flow and pressure could be obtained, 
but only if a Hazen-Williams C value 
of approximately 65 was applied. 
This led to a careful investigation of 
pipe condition, including the actual 
removal of several sections of pipe. 
The field examination confirmed the 
analytic results, as all pipe examined 
was found to be badly tuberculated, 
with encrustatior. of 1-2 in. in thick- 
ness found in almost all pipe exam- 
ined that was over 10 years old. 
Some indication of this condition had 
been apparent to the maintenance 
crews for some time, but its impor- 
tance had never been fully realized by 
management. The investigation re- 
sulted in giving more attention to cor- 
rosion control measures through treat- 
ment, and in using cement-lined pipe 
for all new installations. 

The analytic procedure can be used 
for the development of forced circula- 
tion in distribution systems for quality 
control or to prevent freezing. An 
interesting use of the procedure was 
recently reported ® by Larson, Guillou 
and Henley in the development of a 
circulation plan to prevent red water 
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in end loops. These investigations uti- 
lized the Moody diagram of variable 
friction coefficient with the Darcy 
equation. The investigators were 
therefore able to include the effect of 
laminar flow where it occurred. 

An analysis of flow in a distribution 
network, provided it can be based on 
adequate information on pipe charac- 
teristics and demand conditions, will 
provide a system operator with a pic- 
ture of what may often be a very com- 
plex situation. This gives him con- 
fidence and understanding, allows him 
to become familiar with the operation 
more rapidly, enables him to evaluate 
the effect of changes in the operation 
quickly, and provides a basis for the 
development of judgment and experi- 
ence much more readily, all by pro- 
viding knowledge of the distribution 
of flow within the system. 

Yet, analysis is still only a tool. The 
results are no better than the data on 
which the analysis is based. It can 
duplicate the results for an existing 
situation, but its ability to predict the 
future still depends on the basic abil- 
ity of someone to supply the proper 
information. 


Pianning Future Construction 


The limitations of the use of distri- 
bution system analysis in planning fu- 
ture construction have already been 
discussed. Successful planning must 
be based on adequate predictions of 
the future rate of peak demand, of 
future pipe characteristics, and of the 
area to be served in the future. The 
methods of analysis available are much 
more accurate than the assumptions 
on which the analysis is based. 

Nevertheless, the advantage of fu- 
ture planning in the development of a 
system is considerable. If a depend- 
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able master plan can be developed, the 
extension of the system can follow a 
pattern that will allow the proper pipe 
size to be installed initially and will 
insure that mains are properly located 
for the future. The development of 
such a master plan usually involves 
only the trunk and feeder mains. 
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advance can be quite accurate, and the 
friction losses can be developed on the 
basis of actual experience at the time. 
Analysis can be used under these cir- 
cumstances to locate trouble areas 
where low pressures or inadequate 
supplies may soon exist, or to deter- 
mine the pump characteristics neces- 
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adequate. The questionable accuracy 
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Probably the best use of accurate 
distribution network analysis is in the 
planning of immediate improvements. 
Predictions of demand a year or two in 


Fig. 3. Distribution System Development at Eugene, Ore. 


Numbers by pipelines indicate diameter in inches. 


sary for increasing the supply to an 
area. The development of a priority 
system of improvements indicating 
which areas are most in need of de- 
velopment allows the allotment of 
funds on a practical basis. It is also 


possible to estimate the storage vol- 
umes necessary for peaking purposes, 
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and to establish the proper location of 
storage within the system. 

Any development of a plan for ex- 
pansion of a distribution system must 
be flexible because of the uncertainty 
of the future. It must allow for the 
addition of large individual demands 
at certain points where the zoning 
rules or the topography indicate that 
such development might occur. It is 
not economical, however, to build over- 
sized lines just on the chance that 
they may someday be needed. This 
type of planning, though difficult, can 
avoid needless expense in the future. 
Economic comparisons of different 
methods of developing the distribu- 
tion system can be made in advance. 
Thus the best solution from the eco- 
nomic and practical standpoint can be 
adopted. 

Flexibility in future planning is il- 
lustrated by the development of dis- 
tribution system extensions for Eu- 
gene, Ore., some years ago (Fig. 3). 
The principal portion of the city is 
located on the south and west sides of 
the Willamette River. The existing 
mains lying in this portion of the city 
required enlargement, as the service 
area was extending to the north along 
the west side of the river. As the 
supply was from the east, the immedi- 
ately apparent solution was to relay 
or parallel existing mains through the 
most congested portion of the business 
district. Such construction would have 
been very expensive. The pessibility 
of laying a main on the opposite side 
of the river for a portion of the dis- 
tance and then crossing and connecting 
to the existing distribution system was 
investigated by distribution system 


analysis. The results indicated this to 
be a satisfactory solution to the prob- 
lem, and economic comparisons indi- 
cated that the line on the north side 


DEMAND DATA 


1443 


of the river would be much less expen- 
sive, despite a difficult river crossing. 
Development north of the river was 
also anticipated if a new line was 
located there, and the final plan pro- 
vided for two lines in that area, the 
second to be built as needed. This 
gave the system development plan 
flexibility. Construction of the 24-in. 
line north of the river resulted in con- 
siderable improvement in the distribu- 
tion system pressures at a much lower 
cost than would have been possible by 
the increase of main size through the 
existing built-up portion of the 
community. 


Conclusion 


Putting peak demand data to work 
in operation and design presupposes 
the existence of reliable demand data. 
Such data are not plentiful, but recent 
work by the Committee 4440—Water 
Use has developed much useful infor- 
mation. The statistical approach to 
the prediction of future peak demand 
offers a possibility for the solution of 
one of the problems that has heretofore 
limited the usefulness of network 
analysis when applied to water distri- 
bution systems. 

The analysis of flow in a distribu- 
tion network for peak demand condi- 
tions can be performed by the hand 
method originally developed by Cross, 
by the digital computer, or by the 
electric analog computer. The choice 
of method depends on the extent to 
which repeated analyses will be re- 
quired and on the use that is to be 
made of the results obtained. Often 
exact results cannot be justified on the 
basis of the type of problem being 
studied, in which case the hand 
method, with skeletonization of the 
system, is indicated. For continued 
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analytic study of the same system, the 
electric analog method has advantages. 
For brief studies of different systems, 
the use of the hand or computer 
method is preferred. Although the 
example given does not indicate that 
analysis by computer is more economi- 
cal than the hand method, the com- 
puter eliminates the drudgery of analy- 
ses performed by hand and frees the 
designer to apply his judgment and 
experience to the results. With the 
establishment of computer centers 
throughout the country, and with ade- 
quate programs for network analysis 
now developed, even the small system 
or the smallest design office can make 
use of computer analysis if it so desires. 

The uses of network analysis are 
varied. It can be applied to the solu- 


tion of operating problems from estab- 
lishing pump operating schedules and 
programing reservoir refill during off- 
peak periods to studying the effect of 


corrosion on system capacity. The 
methods can also be applied to the 
development of plans for system 
expansion. 
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Even the computer is not capable 
of eliminating the basic uncertainties 
involved in predicting the capability 
of a water distribution system. De- 
spite some claims to the contrary, com- 
puters cannot think, and the results 
obtained from any analysis are limited 
by the accuracy of the assumptions 
on peak demand, pipe friction and 
other variables involved in the prob- 
lem. Analysis is a valuable tool, but 
it is a tool only, and does not replace 
judgment and experience. 
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Dual Water Supply for Seattle 
J. Ray Heath 


A paper presented on Jun. 7, 1961, at the Annual Conference, Detroit, 


INCE 1901 Seattle has depended 
entirely on one source of supply, 
the Cedar River. Before then the city 
was supplied by private water com- 
panies from springs and streams in 
the forest-covered hills that are now 
occupied by the homes of Seattle resi- 
dents, and from Lake Washington, 
which is now partially within the city. 

Before 1889, many citizens opposed 
bringing in Cedar River water, al- 
though the only treatment it required 
was minimum chlorine application. 
The other alternative for the growing 
community was further development 
of the Lake Washington pumping sys- 
tem, which would involve more exten- 
sive treatment. On Jun. 6, 1889, how- 
ever, a fire proved the inadequacy of 
the city’s water supply. The entire 
business section of the city was de- 
stroyed. This sparked the enthusiasm 
of the citizens, who voted in favor of 
a $1,000,000 bond issue to construct 
the Cedar River gravity supply. 


Cedar River Watershed 


The city’s Cedar River watershed is 
143 sq mi in area, is 25 mi in length, 
and ranges in elevation from 535 ft at 
the intake to 6,000 ft at the crest of 
the Cascade mountains. The city of 
Seattle now owns 70 per cent of this 
area, and the balance is owned by the 
federal government and private con- 
cerns. By agreement, the city will ac- 
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quire the entire area when the present 
growth of timber is removed, and will 
continue to operate it as a multiple- 
use unit in production of water, power, 
and timber. The annual yield of 
35,000,000 fbm of timber provides 
enough lumber to construct 5,000 five- 
room homes each year. Proper con- 
struction of roads, goed logging meth- 
ods, and rigid sanitary and fire regula- 
tions prevent erosion or contamination 
of the water supply. 

The entire area is closed to ‘public 
entry. Only city employees engaged 
in water supply and power generation 
and the employees of the logging op- 
erators are allowed to enter. Con- 
stant surveillance by water depart- 
ment patrolmen is maintained. 

Runoff in the area flows into Cedar 
River and Chester Morse Lake (Fig. 
1). This lake has a capacity of 55,000 
acre-ft. The porous soils of the area 
temporarily store the water that even- 
tually flows into Cedar River through 
springs, sustaining the river’s flow 
during the dry season. 


Transmission to Seattle 


From Chester Morse Lake the water 
flows into a pool that provides addi- 
tional storage as well as head for the 
city’s first hydroelectric generation 
plant, which was constructed in 1904. 
Overflow from the lake, the pool, and 
the tailrace at the plant continues in 
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Cedar River to the supply intake 15 
mi downstream (Fig. 2). Here it 
enters the supply mains, and flows by 
gravity 26.4 mi to the city. 

In 1960, the maximum capacity of 
the delivery system was 232 mgd (Fig. 
3). The maximum daily consump- 
tion, which occurred on Aug. 8, 1960, 
was 264 mgd. Excess demand is sat- 
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through the one right of way. In 
many places the supply is carried 
through more than one main, but a 
single main break endangers the other 
mains. An earthquake could rupture 
them all, or a falling tree or airplane 
could cut off the entire supply to the 
city. These are unpredictable dangers. 
Acts of war could also eliminate sup- 
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Fig. 1. 


Cedar River has provided Seattle’s water since 1901. 


Seattle Water Service Area and Source Basins 


South Fork of Tolt River is 


being developed to provide a second supply; North Fork will be developed as need 


arises. 


isfied by distribution reservoir storage 
of 385 mil gal. 

For most of the distance between 
the intake and the city, the supply 
mains are contained in a 66-ft, munici- 
pally owned right of way, but for years 
the water department has been con- 
cerned about the vulnerability of its 
water supply, because it was dependent 
entirely on the one source transmitted 


Boundaries around basins enclose reserve areas. 


ply through direct contamination, fall- 
out, or a hit by bomb, missile or 
airplane. 


Tolt River Supply 


Acting on its concern about these 
dangers, the water department ob- 
tained water rights in 1936 on the 
Tolt River. Plans were made then 
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to develop that source when demands 
for additional water required it. 

Consideration was given to several 
potential sources, but the feasibility 
and economy of the Tolt River devel- 
opment were most favorable. Further 
development of the Cedar River supply 
was considered, but the comparative 
costs favored the Tolt River develop- 
ment, which will provide the desired 
dual water supply to the city. 

Planning for further storage and 
increased supply in the Cedar River 
watershed is proceeding to meet de- 
mands when needed. This supply 
can be doubled by constructing pri- 
mary storage reservoirs upstream from 
Morse Lake. 

The second river to Seattle, Tolt 
River, is now being developed. It 
will deliver water equal in quality to 
that of Cedar River early in 1962. 
This system is to be interconnected to 
the present supply, thus assuring water 
to all parts of the system in the event 
of disruption of service from either 


Fig. 2. Intake on Cedar River 


Large building is screen house in which 

traveling screens remove leaves and 

twigs from water before it enters 
aqueduct. 


DUAL WATER SUPPLY 
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Fig. 3. Seattle Water Department 
Supply and Demand 


Broken line represents average demand ; 
continuous line shows supply. The two 
increases in supply after 1960 will be 
accomplished by Tolt River pipelines. 


Presently under construction on the 
South Fork of the Tolt River is an 
earthfill dam to impound 58,000 acre-ft 
of water. This dam, 200 ft high and 
1,000 ft long, requires approximately 
1,750,000 cu yd of fill materials. The 
storage basin, 1,100 acres in area, is 
being cleared and grubbed.* 

The first unit supply main, 54-66 
in. in diameter, 30 mi in length, and 
having a capacity of 90 mgd, will be 
completed in 1961. It will run to a 
60-mil gal distribution reservoir, also 
being completed in 1961. Another 
line of the same capacity will be con- 
structed when required—probably by 
about 1980—when the North Fork of 
the Tolt River will be developed. 

Besides adding a second supply, the 
Tolt River has a static head 200 ft 
above the Cedar River supply, which 
will reduce pumping to parts of the 
distribution system. In fact, it is nec- 


essary to dissipate 1,000 ft of head 
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at the controlling basin. Considera- 
tion was given to the possibility of 
power development, but this was deter- 
mined to be unfeasible at the time. 
Adequate power will, however, be gen- 
erated for water department operations. 

In connection with operations and 
coutrol of the Tolt River watershed, 
the water department is fortunate that 
53 per cent of the area is owned and 
operated as a tree farm, 32 per cent is 
a forest reserve, and the rest of the 
area is owned by the city. The water 
department has a perpetual agreement 
with the lumber company, granting 
authority to operate the area as a 
closed watershed in the same manner 
as the Cedar River watershed is 
operated. 

With two rivers to Seattle, each 
capable of meeting the present normal 
demand, the city is assured of addi- 
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tional water to meet the requirements 
of future growth and development. 

Complete development of Seattle’s 
two rivers will provide 650 mgd to 
the Seattle metropolitan area. This 
is almost 2.5 times the present maxi- 
mum demand. The Seattle Water De- 
partment now serves practically the 
entire metropolitan area of Seattle. 
In addition to the city of Seattle, it 
serves 27 water districts, three cities 
and towns, and nine private and co- 
operative water companies. The de- 
partment serves 750,000 people, 80 
per cent of King County’s population 
and 25 per cent of the population of 
the entire State of Washington. 
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Monthly Water Bond Interest Costs 
and Sales 


A report of the Chief, Basic Data Branch, Div. of 
Water Supply & Pollution Control, US Public 


Health Service, Washington, D.C. 


1960-61 Net Interest 
Cost—per cent 


Total Bond Sales—$1,000,000 


General 
Obligation | 

Jul. 3.99 3.93 
Aug. 3.34 4.02 
Sep. 3.82 3.75 
Oct. 3.64 3.85 
Nov. 3.36 3.86 
Dec. 3.55 4.20 
Jan. 3.88 3.70 
Feb. 3.41 3.71 
Mar. 3.47 3.48 
Apr. 3.85 3.81 
May 3.36 3.62 

‘ 3.86 


1960-61 1959-60 1958-59 
133.1 17.3 39.0 
48.4 25.5 3.7 
18.8 16.6 14.3 
21.0 68.4 60.8 
18.4 36.3 42.5 
77.3 18.4 11.5 
37.8 21.2 28.3 
19.4 41.7 62.1 
102.8 19.5 57.0 
16.2 38.2 44.4 
48.9 49.9 105.5 
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You can contribute importantly to building community 
good will, to attracting new people, new building, new 


industry, vacationers...all that adds to local prosperity! 


You do it by serving water that is consistently palatable 
... completely in keeping with the Arnerican standard 
of living today. 


You do it by daily threshold odor tests to detect trouble 
instantly. You know precisely the amount of AQUA 
NUCHAR needed from day to day to adsorb all taste- 
and-odor-forming substances. And you thereby save your 
town money. 
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itative technical service. We’re glad to be part of your 
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INDUSTRIAL CHEMICAL SALES DIVISION 


230 Park Ave., New York 17 - Philadelphia National Bank Bidg., Philadelphia 7 
35 E. Wacker Dr., Chicogo 1 2775 S. Moreland Bivd., Cleveland 20 


4 in ence peopte: 
: wa 
73 
J ) 
i i. 
= 
\ 
? 
| 
ae. 


34 PER JOURNAL AWWA Vol. 53, No. 11 


are your 
meter specifications 


REALLY 
UP TO DATE 


It’s good business to take advantage 
of every improvement. It’s also good 
business to avoid the pitfalls of prog- 
ress ...common pitfalls like obso- 
leting previous investments at a loss 
... Or committing yourself to a new 
design that turns out to be incompat- 
ible with the next improvement... 
or burdening yourself with too many 
makes and models to take care of. 

Trident disc meters give you flex- 
ibility, all the advantages of modern 
sealed construction, and protect your 
investment. Every improvement has 
been designed to fit every older Tri- 
dent. You actually modernize your 
Tridents as you repair them... at 
far less cost than “scrap and replace” 
programs. Every design “first” in 
Trident’s history, including the new 
Trident Model 60 Sealed Meter... 
maintains this rigid 60-year-old 
policy. 

Your best assurance of up-to-date- 
ness . . . for tomorrow as well as 
today ... for old meters as well as 
new ...is a specification that reads 
“Trident.” 


the sealed meter that can be 

repaired, reset, and calibrated 

economically in your own shop . . . LIQUID METER DIVISION 

with 

47-25 34th Street, Long Island City 1, NLY. 

eliminate scrapping major units — IN PRINCIPAL CITIES 
Canada: Neptune Met: td. 

because of wear in minor parts. 1430 Lakeshore Rd., Toronto 14, Ont. 
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Quality water, a prime requirement 
of the “improved water service” that 
AWWA has set up as its goal, is un- 
doubtedly gaining here and there. 
“Here,” as a matter of fact, is prob- 
ably the village of Marshalville, Ohio, 
a community of 650 population which 
recently installed a $40,000 plant to 
soften a raw water containing more 
than 1,000 ppm hardness. As _ the 
story was told on the front page of 
the Akron Beacon Journal, $40,000 is 
only the value of the plant; water- 
sewer-electric superintendent George 
Shaffer managed to save $22,000 by 
putting the plant together himself. 
The balance of the cost was raised by 
a village bond issue to be retired in 
18 years with funds obtained through 
increasing average rates from $2 to 
$3.50 per month. And “there” are 
probably many other communities of 
all sizes performing equal heroics to 
provide “improved water service.” 
What we notice, though, are other 
signs pointing the other way. For 
instance, the water softener business 
sold 400,000 home units in 1960 and 
expects to sell 75,000 to 100,000 more 
than that in 1961, boosting total annual 
sales to $250,000,000. Of course, even 


in soft or softened water areas some 
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families use home softeners to com- 
plete the job, but we would bet that 
an overwhelming majority of those 
new units are going into areas where 
the public water utility could do the 
basic job of softening at a very much 
lower cost to the community. For 
instance, too, the bottled water indus- 
panies selling $30,000,000 worth last 
year, and ABWA—the American Bot- 
tled Water Association—expanding 
with the industry and helping it ex- 
pand. Of course, even in areas where 
public water supplies taste good some 
people will demand bottled water, as in 
the Senate for instance, but we would 
bet that an overwhelming majority of 
those who do could be weaned. 

Just think of the “quality” that could 
be built in with, say, $200,000,000 of 
that $280,000,000 of “water supply 
money.” 


Desalinization now has 6 years and 
$75,000,0000 more of federal time and 
money—not to mention an almost un- 
limited call on commercial research 
and development effort—in which to 
“make the deserts bloom” and thereby 
to win for democracy some down-to- 
earth respect, at least by those who 
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That obviously was in 


have deserts. 
the minds of Congress when it passed 
and President Kennedy when he, on 
Sep. 24, signed the desalinization re- 


search extension bill (H.R. 7916). 
Certainly they weren’t thinking about 
saving the nation from the fate of 
having to continue using its fresh 
water resources and, although they 
were undoubtedly considering cost, no 
one had yet even suggested bringing 
it down to the fresh water level of 5 
cents per thousand gallons. 

As a matter of fact, the cost of de- 
salting appears to be such a mishmosh 
of “engineering estimates,” arbitrary 
assumptions, and, on occasion at least, 
strategic misinterpretations so _ well 
“established” that it is difficult some- 
times to remember that no one really 
knows what plant scale desalinization 
does cost. Some of the factors that 
must be, and have apparently not been, 
considered in evaluating present data 
are brought out by some of our corre- 
spondents (see P&R p. 48), but oper- 
ating experience alone will be conclu- 
sive. And on that basis the continu- 
ation of the federal research program, 
regardless of how unimminent our need 
for its results, is welcome. 


One ignored cost of desalting that 
must be given serious consideration, 
we understand, is the cost of brine or 
sludge disposal. And consideration 
we have, therefore, been giving it. 

Having noted the nutritional claims 
made for sea salts by food faddists and 
having been impressed with the suc- 
cess of Milwaukee’s sewage plant in 
marketing its s!udge as “Milorganite,” 
we had just invented “Freeportriment” 
and were about to make a deal with 
the Office of Saline Water when the 


PERCOLATION AND RUNOFF 


(Continued from page 35 P&R) 


(Continued on page 38 P&R) 


Vol. 53, No. 11 


American Medical Assn. and the Food 
and Drug Administration queered it. 
First Dr. Ogden C. Johnson of AMA’s 
Council on Foods and Nutrition shot 
off his mouth to the effect that “the 
average American mixed diet, except 
for iodine and iron deficiency in cer- 
tain areas, needs no bolstering with 
mineral sea salts,” and that “such 
claims are invariably made by food 
faddists and quacks whose prime in- 
terest is in making money.” And then 
FDA, in an action to stop marketing 
of the Atlantic Ocean in botiles as 
“fountain of youth” stuff, pointed out 
that “medical authorities long ago con- 
cluded that there were no health bene- 
fits obtained by adding sea water to 
the diet.” 

Distressed, but not discouraged, we 
are now working on the details of a 
plan for distributing “Instant Sea 
Water” primarily in inland areas 
where the delights of sea water swim- 
ming are not to be had. Again we are 
looking to assist the Freeport, Tex., 
desalting plant, expecting to package its 
waste as “Good Gulf Goo” which mid- 
westerners will be able to place in a 
pool and then just add water for solid 
seashore satisfaction. Through such 
a product even those who had no pools 
could enjoy sea water baths in their 
tubs and as soon as the Wrightsville 
Beach, N.C., and San Diego, Calif., 
plants were underway, we could offer 
a choice of Atlantic-, Pacific-, or Gulf- 
type natation. 

Of course, if the federal government 
proves to be stuffy about this kind of 
commercial approach and won’t go 
along with our means of making a real 
dent in the net cost of desalinization, 
the sludge can always be dumped into 
the Great Lakes. Thereby, the wastes 


: 
2 
lig 
3 
i 


Nov. 1961 JOURNAL AWWA P&R 37 


Armco Offers You A Complete 
Water Pipe “Package” 


This shipment is part of a complete Armco Water Pipe “pack- 
age” ready to be sent to a customer. Long lengths of Armco 
Pipe are included, reducing the number of joints required. 
There are standard fittings that conform to AWWA Speci- 
fication Standard C 208-59. These fittings were ordered 
attached to straight lengths of pipe. Special fittings also were 
fabricated to the customer’s plans. If necessary, other special 
fittings can be fabricated by the customer in the field, using 


Strong standard Armco Pipe. 
naar Why not take advantage of Armco’s “all-in-one-place” buy- 
ing. Mail coupon for details. Armco Drainage & Metal Prod- 


ucts, Inc., 4211 Curtis Street, Middletown, Ohio. 


Address 


€ ? 
ARMCO Drainage & Metal Products 


| 
| | 
Have an Armco Sales Engineer call for an appointment. 
Name | 
City 
ell 
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would be adequately diluted before 
they found their back into the sea, 
Great Lakers would finally obtain the 
benefit of real swimming, and the na- 
tion's railroads would undoubtedly be 
rescued from their apparently immi- 
nent bankruptcy. Of course, the cities 
which now draw fresh water from the 
lakes would have to install desaliniza- 
tion plants, but from the current pres- 
sure to make desalinized water avail- 
able when we are using only 10 per 
cent of our fresh water supply, we 
assume that it must be better anyway. 

Some things, we suppose, are better 
ignored. 


The compact is now on the road— 
the Delaware River Compact, that is, 
providing for a partnership of the fed- 
eral government and the states of 


Delaware, New Jersey, New York, 
and Pennsylvania in the development 


of the Delaware River. Approved by 
Congress and by the legislatures of the 
states involved, the plan calls for a net- 
work of nineteen dams and reservoirs 
providing about 45,000 acres of fresh- 
water lakes with 120,000 additional 
bordering acres for recreation. Prog- 
ress of and plans for the compact will 
be a feature of AWWA’s 82nd An- 
nual Conference in Philadelphia next 
June. 


The bath seems to have ebbed and 
flowed over the centuries from a social 
amenity to an occasional substitute for 
perfume to a private sanctuary for 
personal hygiene. Now, in addition, 
it has become a yardstick of national 
living standards, not to mention an- 
other Americn status symbol. 

It was in Greek and Roman days 
particularly that bathing was _per- 


formed socially. Then in the Middle 
Ages it retreated to privacy and people 
usually attempted to mask rather than 
wash away their odors. But as public 
water systems became more common, 
the habits of personal hygiene appar- 
ently grew with them until the pro- 
genitors of today’s individual baths 
achieved a more and more sanitary 
and less and less artistic appearance. 

Now, as suggested above, the bath 
has become a matter of as much public 
awareness as it has of private occu- 
pancy. Today, the United States 
boasts that five of six of its dwellings 
(about 48,500,000) have bathtubs or 
showers, and no less than seven in 
eight, hot and cold running water. 
But in France only 10 per cent of the 
homes have bathtubs or showers, only 
30 per cent, hot water, and only 60 
per cent, running water. Meanwhile, 
Poland is apparently much worse off 
and, though comparable statistics are 
not available, it is obvious from the 
objections of one Citizen Grajewsky 
that the town of Orneta, which has a 
population of more than 10,000, has 
only “a few dozen” bathtubs. 

Were we to go one step further 
though and total not the number of 
homes with baths, but the number of 
baths, we would get involved in the 
matter of status. Certainly if the 
United States has baths in five of six 
of its dwellings it will be able to claim 
many more than one bath per family, 
for homes and even apartments these 
days wouldn’t be caught dead with a 
single bath. Thus, in the town of 
Southfield, Mich., last June, more 
than 90 per cent of the people inter- 
viewed felt that two or two-and-a-half 
baths were absolutely essential in 
homes in the $25,000 range. We've 


(Continued on page 40 P&R) 
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PHOTOVOLT 

pH Meter Mod. 115 
full-fledged 
operated: 
Meter 
af remarkable 


accuracy 
and stability 


at the low 
‘price of 
75 


_ Write for Bulletin #225, also for erature, on other 
Line-Operated and Battery-Operated Photovolt pH Meters 


GORPORATICL 


1115 BROADWAY 0) NEW YORK 10, N. Y. 


@ SIMPLE IN OPERATION AND MAINTENANCE 
AND DEPENDABLE INSERVICE 
a 
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HAVE YOU SEEN 


METER 
STOPS 


%” Fig. 25014 
Straight Meter Stop 
Meter Swivel Nut (for x 
or %” Water Meter) x %4” Copper 
Service Connection. 


%” Fig. 25015 
Straight Meter Stop 
Meter Swivel Nut (for 42” x %” 
or Water Meter) x %4” Female 


Tee Head. 


Use on either inlet or 
outlet of meter. 


Write for more information 
or Ask the Man from Hays 
on his next call. 


_ GENERAL PRODUCTS DIVISION 


HAYS MEG. CO. 


(Continued from page 38 P&R) 


always wondered which half gets 
bathed in a half-bath, but presume that 
the balance is taken care of in the 
“pool.” 

And the pool is not only the real 
essence of “status” but the natural 
derivative of the social bath—and our 
statusians these days are wearing very 
little more than their antecessors did 
in entering the public tub. All of which 
means that the bath is ebbing again, 


_and the last time it ebbed Rome fell— 


with a splash! But who cares about 
Gibbon when Playboy magazine offers 


| a much more picturesque and promis- 
| ing outcome. 


Cheap water, long a pet hate of 
ours, was something we found ourself 


_ having to swallow the other way, as 


administered by Gerry Remus, general 


_ manager of the Detroit water depart- 


ment. Although the first sip—the fact 
that the department “sells its invalu- 
able commodity cheaper than any 
other major city in the United States 


_... 70 gallons for a penny’’—set our 


teeth on edge, we found ourself practi- 


cally gulping at the news that the de- 


partment’s 1960-61 fiscal year earn- 
ings were $5,172,000, that all these 


_ earnings will be used to improve the 


system, that “service has never been 


_at a higher standard,” and that the 
_ 1-bgd system, which can provide more 


water than demanded by the 50 com- 


| munities being served, is already being 


fortified by a new Lake Huron supply 
scheduled to be completed in 1967. 


_ To us, when we had finished drinking 


it all in, the story wasn’t one of 
“cheap” water at all. Low cost water, 
yes! A wonderful bargain, yes! 


| Water supplied by an efficient organi- 
' zation, yes! But “cheap” is for the 


birds! 
(Continued on page 44 PER) 
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CLO 


Ductile Iron Split Sleeve 


ASSEMBLED IN 3 EASY STEPS 


Once the damaged pipe is uncov- 
ered, one half of the sleeve is placed 
on each side of the pipe. 


Sleeve halves are drawn together. 
Pre-assembled rubber gaskets make 
tight seal 


After the bolts are taken up finger- 
tight, tightening the four bolts by 
wrench completes assembly. 


Permits easier, quicker, 
permanent repair of 
& transverse 
cast iron pipe 
underground breaks 


Assembled 4” diameter 


sleeve weighs but 26 Ibs. Weight of 6” sleeve is 
32 Ibs., 38 lbs. for 8” sleeve. 


Effective length of 4 
inches between end seals on all sizes. Overall 
length is 64%". 


end gaskets are pre-assembled and cemented in sleeve grooves. 


All parts are high tensile and corro- 
sion-resistant. Sleeve halves are 70,000 psi tensile ductile iron. 
Nuts and bolts are high strength, corrosion-resistant alloy. 


HERE'S ALL THERE /S TO /T! illustration shows two- 
piece glandless construction. Side gaskets overlap ends of circum- 
ferential gaskets for tight seal. Four bolts are only accessories. 
Tapping boss on each half allows maximum tap of 2 inches. Regu- 
larly furnished with one sleeve-half tapped for 4" pipe. 


JAMES B. CLOW & SONS, INC. 
201-299 North Taiman Avenue «+ Chicago 80, lilinois 


Subsidiaries: 
Eddy Vaive Company, Waterford, New York 
lowa Vaive Company, O lowa 


P&ER 41 
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taste and odor control 


CAROX* Potassium Permanganate 
Does the Job... and Does it Better... 
In Large or Small Water Systems 


You can provide quality water (and probably save money doing it!) 
with Carox Potassium Permanganate. This extremely effective chem- 
ical removes obnoxious unpleasant tastes and odors caused by 
industrial wastes, decayed vegetation, and algae. It works quickly 
and efficiently, via oxidation and adsorption, to help provide safe, 
pure, palatable water. 

You don’t need any special eqiipment to use Carox for water 
treatment; it works in virtually all conventional water treatment 
systems. The Potassium Permanganate method generally costs less to 
use than other prevalent techniques for eliminating tastes and odors; 
and, since it aids coagulation and serves as an effective biocide, it 
minimizes quantity requirements on other chemicals. Carex is easy 
to handle, non-corrosive, and requires minimum storage space. 

If you have taste and odor problems, you owe it to your com- 
munity to investigate CAROx. Write to Carus Chemical Company, 
Inc., 1379 Eighth Street, LaSalle, Illinois, or phone 223-1500 for 
complete information. *Trade Mark 


CAROX removes musty, earthy, woody, moldy, swampy, 
grassy, fishy tastes and odors 


CAROX destroys hydrogen sulphide, phenols, chlore- 
phenols, acrylates, mercaptans, organic herbicides, fungicides, 


insecticides 
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Isador W. Mendelsohn has re- 
turned to the United States following 
a 2-year tour of duty in Korea, as a 
civil engineer for ICA. He served as 
chief of the water supply branch, help- 
ing to build new systems and improve 
old sources of supply. In 2 years, 
eleven projects have been completed, 
increasing the average water supply 
from 18 gpd to 25 gpd. During this 
time the urban population served in- 
creased by approximately 1,000,000. 


CHRISTMAS SEALS 


Answer Your Christmas 
Seal Letter Today 
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Red water these days seems as much 
a result of Iron Curtain activity as of 
just plain iron. For months in the 
Berlin crisis we have been hearing 
about water as a weapon against anti- 
Communistic protests. Meanwhile, in 
Moscow at an American exhibition of 
plastic products, water turned to be 
a weapon of capitalistic conquest as a 
Betsy Wetsy doll proved to be the hit 
of the show. And in London, Britain 
granted political asylum to water puri- 
fication engineer Oleg Lenchevsky, 
senior research officer of the Water 
Supply Institute of Moscow. But the 
real red water deal came in the an- 
nouncement of the Communist eco- 
nomic program for the next 20 years, 
noting that, by the end of this period, 
water will be provided free of charge 
in the Soviet Union. 

Which should make it obvious that 
we are too close for comfort to 
Communism. 


‘Air Force in Air Force Delin- 
quency’ might have been the headline 
in Mount Clemens, Mich., earlier this 
year as the city council was consider- 
ing ways and means of putting pres- 
sure on Selfridge Air Force Base to 
pay up $16,000 in overdue payments 
for water supplied to the base and the 
newly built Capehart Homes connected 
with it. Source of the delinquency 
was an increase in rates of which the 
Air Force never took cognizance. 
Through their Congressmen, the city 
authorities finally brought the Air 
Force to earth and received, if not 
payment, at least agreement to pay 
almost all the arrears. One would 
think that the Air Force, particularly, 
would be conscious of the fact that 
every drop must be paid for. 


(Continued on page 46 P&R) 
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BHiam| POSITIVE CONTROL OF MATERIALS FLOW 


SET IT! 
FORGET IT 


POSITIVE 
CONTROL 
SLAKER 
SAVES 
LIME AND 
TIME! 


Completely packaged lime slaking system 


B-I-F’s PUG MILL SLAKER, started empty or full . . . using any 
grade of commercial lime meeting AWWA Standards . . . produces 
lime slurry of desired consistency . . . automatically, unattended. 
Positive water ratio control at all rates . . . any change in feeder 
rate instantly matched by change in water rate. Low water-to-lime 
ratio produces higher slaking temperatures for top efficiency. Unit 
slakes with cold water . . . eliminates need for hot water supply 
or heat exchangers. Other features include continuous grit removal, 
constant vapor removal, and console-mounted controls. 

FREE FACT BOOK Request data on the most 

advanced, performance-proved slaker available. 

Maximum capacities of 1,000 and 4,000 Ibs./hr. 

... Over 20:1 range. Write for free fact book today! 

B-I-F Industries, 365 Harris Ave., Providence 1, 

Rhode Island. 


Industries 
A DIVISION OF THE NEW YORK AIR BRAKE COMPANY N 


METERS + FEEDERS » CONTROLS / CONTINUOUS PROCESS ENGINEERING 
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A sound annual report is what the 
city of Ypsilanti, Mich., presented to 
its citizens this year, putting its rec- 
ord on a record and delivering the 
6}$-min, 33}-rpm disc to every home. 
The recording opened with the mayor 
calling the roll at a city council meeting 
and went on from there with a profes- 
sional narration of some city history and 
then the 1960 reports of each of the city 
departments, using appropriate sound 
effects, such as fire sirens, school bells, 
and, of course, running water. Total 
cost of the project, including planning 
and preparation, recording, produc- 
tion, and distribution, was a little over 
$900. This included $150 for a 
printed record jacket, which carried 
such additional information as a pie 
chart of the city income dollar, and 


the cost of refreshments for the Boy 
Scouts who made the delivery. 

That this record on a record re- 
ceived record attention was no doubt 
partly due to its novelty. But the fact 
that the citizen could listen in at his 
own convenience, as well as the fact 
that once he put the record on net 
only he, but everyone within earshot 
heard it and heard it through, helped 
make it effective. All of which makes 
sound sound sound as a means of home 
communication. 


John W. Knutson, who was assist- 
ant surgeon general and chief dental 
officer of USPHS since 1952, has ac- 
cepted an appointment to the faculty 
of the new dental school at the Uni- 
versity of California at Los Angeles. 


(Continued on page 88 P&R) 


(Powder or Granular) 


Meet AWWA specifications 


White or tinted blue «+ 
‘Minimum of storage space 


Dry and free-flowing 
° Available in bags and drums. 


Minimum of dust in handling 


THE AMERICAN AGRICULTURAL 


CHEMICAL COMPANY 
100 Church Street, New York 7, N. Y. 


as 
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- for Public Water Fluoridati 
or FuDilic arer rivoricarion = 
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Clariflow HC Series... LIME SODA-ASH 
SOFTENING-TURBIDITY REMOVAL- CHEMICALLY PRECIPITATED WASTES 


Clariflow Inlet for flow-thru control. The Accelerated chemical reaction and flocc 
tried and proven Clariflow Inlet controls formation for maximum clarification. 
density currents and eliminates flowing- H ll f 
thru short-circuiting. eavy duty sludge collector for positive 

: sludge removal and sludge blow-off control. 

Four or six to one (or even ten to one) 


internal recirculation for ultimate in par- Wide range of sizes and capacities for 
ticle contact.* circular or square basins. 


*Where controlled, lesser amounts of contact with the previous precipitate are desired, re- 
fer to Walker Process § & R Series Clariflows designed with outside, pumped slurry return. 


alker Process Equipment Inc. 


FACTORY . ENGINEERING OFFICES . LABORATORIES . AURORA, ILLINOIS 
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Correspondence 


What Costs Water? 
To the Editor: 


A JourNAL item (September P&R p. 
37) shows justified annoyance at some of 
the hoopla surrounding saline-water con- 
version. My only complaint is that the 
Washington Post item you’ve quoted re- 
peats the ridiculous assertion that the 
Freeport plant makes fresh water for $1 
per 1,000 gal. Surely you know that 
this figure is an engineering estimate, 
not based on operating experience, and 
uses the Office of Saline Water (OSW) 
rate formula, which sets arbitrary (and 
minimum) costs for power and amorti- 
zation, with no allowance for by-product 
brine disposal. 

If one of the purposes of demonstration 
plants such as Freeport is to secure cost 
data, it’s really a bit brazen to leave the 
impression that the cost is already known. 
But I have not seen the OSW make a 
serious effort to clarify this point for the 
more gullible members of the press. 
Presumably they are too occupied ex- 
plaining the somewhat hasty shutdown at 
Freeport impelled by corrosion. 

Evaporation control—to take just one 
example—can provide more cheap fresh 
water than any proposed technique for 
saline conversion. The key word is 
cheap, of course. There is not too much 
point in putting a large federal effort 
into an approach which will not add a 
significant increment of cheap water to 
our national supply. 

More AWWA members should speak 
up about what really is needed for better 
management of our water resources, 


rather than merely feel pleased at the 
current attention their field is receiving. 


Curtis MICHEL 
New York, N.Y. 
Sep. 25, 1961 


* * * 
To the Editor: 


The Association has stated that “the 
cost of treatment for fresh water, includ- 
ing softening, approximates 5 cents per 
1,000 gal. It is this 5 cent figure that 
must be compared with the $1 cost of 
desalting.” 

I think that this comparison may be 
rather misleading, as it is only applicable 
in the special case of equal accessibility 
of the fresh and salt water; that is, where 
the fresh water and the salt water are 
obtained from underground sources of 
approximately equal depth and equal dis- 
tance from the area of distribution. 

It seems to me that the correct com- 
parison, in the form of an example, is 
as follows: 

Cost of salt water: Source, the sea. 
Loan and depreciation charges on capital 
investment for the sea water intake and 
the desalination plant, plus operating 
charges. 

Cost of fresh water: Source, boreholes. 
Loan and depreciation charges on capital 
investment for the location and sinking 
and equipment of the boreholes, plus oper- 
ating charges and treatment if necessary. 

Other factors: Comparison of cost of 
capital investment for trunk mains in- 
cluding pumping which may be neces- 
sary, to bring the water from either the 


(Continued on page 50 P&R) 
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BLOOMINGTON 


CITY OF BLOOMINGTON 


NOW SAVES 


IN TREATING 6,000,000 GALLONS 
or warer oaly witH...... Mogul Claracel! 


The City of Bloomington operates two water clarification and 
filtration systems. One is a settling basin system, the other a 
clarifier system. Each system treats approximately 3,000,000 
gallons of influent water per day. Solids carry-over was a con- 
sistent and continuing problem . . . especially during the spring 
rain season it affected the quality of the delivered water, the 
efficiency of the systems and the length of filter runs. 


The addition of MOGUL CLARACEL showed the following results: 


* Better and larger floc formation 
* Substantial reduction in solids carry-over 
* Filter runs increased from 12 to 24 hours 
* Less water required for filter backwash 
* Better filtration — “packing” of filters eliminated 
* Cleaning of filters now done more easily in less time 
* Delivered water of highest quality 


The imp: t was so ding with Mogul Claracel 
that the water treatment results and savings have been en- 
dorsed by the city officials illustrated. 

*A NEW SERIES OF COAGULANT AIDS 


here are the savings 


IRWIN L. DICKSTEIN 


LESTER THORNTON 
Chief Chemist 


Supt. of Water Dept. 


THOMAS L. LEMON 
Mayor 


SETTLING BASIN SYSTEM CLARIFIER SYSTEM 
eer AFTE BEFORE AFTER 
mocu. DAILY wocu. mocu. DAILY 
The North American Alum $73.20 $36.60 $36.60 $122.00 $61.00 $61.00 
L Lime 30.00 25.50 4.50 11.25 7.50 3.75 


Treatment Savings Per Day $105.85 
Less Cost of Mogul Clarace! 13.00 


~ a Company Net Savings Per Day $ 92.85 
Annual Savings $33,890.25 


STANDARD BUILDING + CLEVELAND 13, OHIO 
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desalination plant to the distribution area 
or from the boreholes to the distribution 
area, 

In Cyprus, the cost of water at the 
source (which is boreholes for most of 
the island), excluding any form of treat- 
ment, is approximately 45 mils per 1,000 
gal, that is, with 100 cents equal to 350 
mils, the cost would be 13 cents per 
1,000 gal, as compared with the generally 
accepted figure of $1 per 1,000 gal for 
desalination. 

I have been told that the Zarchin proc- 
ess (freezing) will produce fresh water 
at anything from 25 to 50 cents per 1,000 
gal, but this has yet to be proved. 


Puitie H, Perkins 
Nicosia, Cyprus; 
Sep. 18, 1961 


* * * & * 
To the Editor: 


You have published figures that put 
the costs of treated water including dis- 
tribution at only 12.3 cents per 1,000 gal 
and the complete cost of treatment, in- 
cluding softening, at 5 cents. 

Had I been taking bets, | would have 
been sure that the total costs for treated, 
delivered water were at least twice this 
amount or more. Would it be possible 
for you to explain how generally repre- 
sentative this 12-cents figure is and how 
it was derived? Did it include a cost for 
raw water? If so what would be the 
range of the raw-water costs involved in 
this average calculation? I have put 
costs of raw water at 24 cents per 1,000 
gal, and have been accused of using much 
too low a figure. 


Howarp MENDENHALL 


Rend Lake Conservancy Dist., 
Benton, Ill.; 
Sep. 1, 1961 


(Continued from page 48 P&R) 


Pitching Curves 
To the Editor: 


The September issue of Compressed 
dir magazine published an article on 
saline-water conversion which contained 
a table on consumption for the past 60 
years and a forecast to 1975, using fig- 
ures from the Water & Sewerage Indus- 
try and Utilities Div., BDSA. 


Year Consumption 
bed 
1900 40 
1910 66 
1920 92 
1930 110 
1940 135 
1950 203 
1960 312 
1970 405 
1975 453 


This looked like valuable information 


to present to my board or to use in a 
speech, so I plotted a curve and filed it 


for future reference. | then thumbed 
through the September JouRNAL and 
found an article (P&R p. 37) which 
quotes some figures used by Peter Edson, 
agreeing with those | had just plotted. 
‘The article then proceedea to tear the 
figures apart. 
Could anyone use my curve? 


G. H. Ruston 
Mgr., Racine (Wis.) Water Depft.; 
Sep. 26, 1961 


Shore Enough 
To the Editor: 


There were some pictures of installa- 
tion of pipe in the July issue of the Jour- 
NAL that make a safety-thinking person 
shudder. Specifically, they include the 
ones on page 891 and 894, The reason: 
shoring deficiencies. 


(Continued on page 54 P&R) 
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Cyanamid Alum is quality con- 
trolled from start to finish to meet 
stringent specifications. Manufac- 
turing plants are strategically lo- 
cated for efficient service. 
SUPPLIED IN THE FORM YOU WANT: 
Liquid — for cleaner, easier, more 
economical operation. In tank wa- 
gons and tank cars from 9 conven- 
ient shipping points. Conforms fully 
to AWWA standards. 


Dry —conforms fully to AWWA 
standards in ground, rice, lump or 
powdered grades. Bagged or bulk. 


WHY NOT CONVERT TO LIQUID? 
Your costs — and savings — can be 
determined quickly by a Cyanamid 
representative with years of con- 
version experience at your service. 
Just call Cyanamid for product or 
technical service of any kind. 


CYANANMID _ 


AMERICAN CYANAMID COMPANY 


Process Chemicals Department, 30 Rockefeller Plaza, New York 20, N. Y. 
In Canada: Cyanamid of Canada Limited, Montreal and Toronto 
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Here’s how communities 
get fresh water and how 
commercial banks help 


“Till taught by pain,” said the poet, 
“men really know not what good water's 
worth.” 

But this much is certain. 

Where water flows pure and plentiful 
all nature thrives. And most impor- 
tantly man can drink his fill without 
fear. 

That’s why reservoirs are so impor- 
tant to all of us, and how to finance 
them is one of a community’s most 
vital decisions. 

Most often nowadays a new muni- 
cipal water supply is created on a pay- 
as-you-go basis. Revenue bonds are 
issued to raise the money for construc- 
tion. Over a period of years bond- 
holders are paid interest and the bonds 
are retired out of money collected from 
private citizens and businesses accord- 
ing to the amount of water they use. 

Perhaps the most important function 
in this method of financing is the trus- 
teeship vested in commercial banks for 


Conservation Officer checking a Wood Duck 5ox on a municipal reservoir—Photo by Ted Croner 


Reflections on a reservoir 


the bonds issued by the community. 
And here’s why. 

The commercial bank's trust special- 
ists take on the exacting task of making 
certain that the community water .au- 
thority meets many of its obligations 
to its bondholders. By so protecting 
the bondholder, the banker helps assure 
the community of a constant supply of 
fresh and pure water. 

The Chase Manhattan Bank, a lead- 
ing trustee for revenue bonds, is always 
ready to serve the needs of any state, 
county or community in cooperation 
with its local bankers. 


THE 

CHASE 
MANHATTAN 
BANK 


CHARTERED IN 1799 
1 Chase Manhattan Plaza, New York 15, New York 
Member Federal Deposit I ¢ Corp i 


: 
= 


CORRESPONDENCE 


Faster LOCATING! 


LOWER SERVICE COSTS 


with the improved AQUA 


‘ox. LOCATOR! 


e NO WIRES, BATTERIES or SWITCHES— 
simple, powerful magnetic action, factory 
adjusted to YOUR geographical location 
assures unfailing results! 

NO NEEDLE SPINNING—exclusive electric 
braking action saves you time! 

NO STOOPING—easy top-view reading! 
RUGGED—compact, accurate, convenient! 
GUARANTEED—to function regardless of 
weather, surface or ground cover! 
NATION'S MOST WIDELY USED LOCATOR! 
15-DAY FREE TRIAL—No money! No obli- 
gation! You be the judge! 


ORDER NOW- Wire or Call 
VAiley 1-2514 collect 


AQUA SURVEY & INSTRUMENT CO. 


7041-3 Vine Street, Cincinnati 16, Ohio 


FIND LEAKS FASTER 


WITH THE 
AQUA SURVEY Only 


AQUAPHONE 


6 tor $25 00 
NOW 


RUGGED! SENSITIVE! 


Super - sensitive scientific pre- 
tuned diaphragm without me- 
tion bet) diaphragm and 


probe, makes this the industry's most dur- 
able instrument. Genuine molded Bakelite 
case. Unconditionally guaranteed against 
mechanical failure for life of instrument! 
Order one for every service man. 2 Ft 
Extension $2.25. 


AQUA SURVEY & INSTRUMENT CO. 


7041-3 Vine Street, Cincinnati 16, Ohio 
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Correspondence 
(Continued from page 50 P&R) 


When it is necessary to place people 
in trenches that deep, shoring is needed. 
There is a man between the pipe and 
the trench side on page 891. The side 
of the trench is straight up and down, 
is about 8 ft deep, and has a top layer 
of pavement. Earth below pavement is 
notoriously dangerous because it will 
slough and fall. The earth is liable to 
have been previously disturbed and made 
more unstable. There may be some other 
utility installation not far back of the 
apparently firm and new cut that will 
make the new cut unstable. Backfill in 
streets today must be of permanently un- 
stable nature because of the requirement 
to use sand for compaction improvement. 
These layers of sand can be as little as 
1 ft back of a cut and not visible to the 
operators. 

On page 894, Fig. 14 shows a deep 
trench with no shoring. Fortunately, 
there are no men down in the trench, but 
obviously they will soon be there. 

AWWA is making progress in its 
safety program, but pictures like this 
would encourage many untrained water 
works supervisors to use the same type 
of precautions because they are “con- 
doned” by AWWA. Keep up your good 
work and maybe we'll lick the problem 
someday. 

ARTHUR J. WEBB, 
Safety Cvoordinator, East Bay MUD, 
Oakland, Calif.; Aug. 11, 1961 


HEJ Scholar MS in CE 


To the Editor: 


It is with considerable pleasure that 
I can report to you that Mr. James Del- 
bert Goff, a recipient of an AWWA 
Harry E. Jordan Scholarship in 1958, 
has completed his work and received his 
Master of Science in Civil Engineering 
degree. His thesis was on the water 
quality of the Trinity River in Dallas 
County. 

I. W. Santry, Jr. 

Southern Methodist Univ., Dallas, Te-x., 
Aug. 28, 1961 
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Everpur® copper-silicon alloys have 
excellent resistance to corrosion in 
all types of water works installations 
and at all stages of sewage treat- 
ment operations. EVERDUR equip- 
ment in the United States has been 
in service without replacement for 
30 years and longer. 

Easily fabricated EveERDUR pro- 
vides high physical strength with 
lighter weight. It is used extensively 
in sewage systems handling corro- 
sive wastes in screens, stems, man- 
hole steps, guides, bolts, weirs, float 
chambers, troughs. And for water 
works equipment you will find 
EVERDUR alloys in long service as 
surface reservoir outlet screens and 
screen frames and as large diameter 
cylindrical well screens in drilled 
well supply systems. Other uses: 
spillway fittings, guides, seats and 
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highly resistant to wear and abrasion 
in sewage and water works systems 


ALLOYS: 


sealing strips. And don’t forget 
EveRDUR Electrical Conduit for use 
in corrosive atmospheres. 
Publication E-11 shows typical 
applications and other data. Write 
for your copy—or for assistance from 
our Metallurgical Dept. in selecting 
the proper corrosion-resistant alloys 
for your equipment. Address: Ana- 
conda American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Canada. 61-811 


EVERDUR* 


@ product of 


ANACONDA 


AMERICAN BRASS COMPANY 


PER 55 
3 
* 
7 


56 


PROFESSIONAL SERVICES 


Professional Services 


ALBRIGHT & FRIEL, INC. | 
Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK, CROW & 
EIDSNESS, INC. 
Engineers 


Water, sewerage, power, hydrology, recalcina- 
tion, waste treatment, special investigations 
and reports, laboratory services 
700 S. EB. Third Street 74 Orchid Square 
Gainesville, Florida Boca Raton, Florida 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


CLINTON BOGERT ENGINEERS 


Consultants 


Ivan L. Booert Ropert A. Lincotn 
Cuartes A.Manaanaro Martin 
Water & Sewage Works Incinerators 
Drainage Flood Control 
Highways and Bridges Airfields 


145 Bast 32nd Street, New York 16, N. Y. 


AWWA STANDARDS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


Bowe, Albertson & Associates 
Engineers 


Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Feasibility Reports 


75 West Street 
New York 6, N.Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louts E. Arres Rosert Norris 
Georce E. Lewis Donatp C. Mar 
Srvart B. Mayrnarp Homer J. Haywarp 
Joseru D. CRAIGMILE RayMonp J. Smit 


Waterworks, Sewerage, Electric Power 
500 Wolverine Building, Ann Arbor, Michigan 


BROWN AND CALDWELL 
Civil and Chemical Engineers 
Water—Sewage—lIndustrial Waste 
Consultation— Design—Operation 

Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 
1500 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Gas: Rates, Valuations, 
Investigations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Warer Suppty—Sewace Disposat— 
Hypravuuiic DevELOPpMENTS 
Reports, Investigati Valuati Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 
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Professional Services 


BURGESS & NIPLE 


Jed. 9g rs 
(Established 1908) 
Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 
Columbus 12, Ohio 


2015 W. Fifth Ave. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CLARK, DAILY & DIETZ 


Consulting Engineers 


Sewerage, Waterworks, Street Lighting, 
Highways, Swimming Pools, Surveying and 
Mapping, Land Development Studies, 
Bridges, Buildings, Foundations 


211 N. Race St. 188 Jefferson St. 
Urbana, Illinois Memphis, Tennessee 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennetr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


CHAS. W. COLE & SON 


Engineers and Architects 


2112 W. Jefferson St. 
Joliet, Illinois 


3600 E. Jefferson Blvd. 
South Bend, Indiana 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


Boston 8, Mass. | 


18 Tremont St. 


CAPITOL ENGINEERING 
CORPORATION 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


control 


CONSOER, TOWNSEND 
& ASSOCIATES 
Consulting Engineers 


Sewage treatment, sewers, storm drainage, flood 
Water supply and treatment — High- 
way and bridges—Airports— Urban renewal — 
Electric and gas transmisson lines — Rate 


studies, surveys and valuations — Industrial 
and institutional buildings. 


360 East Grand Avenue Chicago 11, Illinois 


DAY & ZIMMERMANN, INC. 


Consulting Engineers 
Valuations 
Feasibility Studies & Reports 
Rate Cases & Financial Studies 
Supervisory Consulting Service 


1700 Sansom St. Philadelphia 3, Pa. 
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GIBBS & HILL, Inc. 


Consulting Engineers 


Water Supply and Treatment 
Industrial and Municipal Waste Treatment 
Electric Power and Transmission 
Transportation and Communication 


Pennsylvania Station New York 1, New York 


Fay, Spofford & Thorndike, Inc. 


Engineers 


Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment—Incinerators 


Airports Bridges Express Highways 


Investigations Reports Valuations 
Designs Supervision of Construction 


11 Beacon St., Boston 8, Massachusetts 


GREELEY AND HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


14 EB. Jackson Bivd., Chicago 4 


FINKBEINER, PETTIS & STROUT 


Consulting Engineers 


Water Supply, Water Treatment, 
Sewerage Sewage Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th St. 
Austin 1, Texas 
Phone: GR-7- 7165 


FROMHERZ ENGINEERS 


Structural—Civil— Municipal 
Four Generations Since 1867 
Water Supply ; Sewerage; Structures; 
Drainage ; Foundations 
Highways & Streets 
Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


HASKINS, SHARP & 
ORDELHEIDE 


Consulting Engineers 
ydraulics 
Reports, Design, Supervision of Construction, 
Appraisals, Valuati Rate Studi 


Kansas City 5, Mo. 


1009 Baltimore Avenue 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 


Water Works—Sewe 
Industrial Wastes—Gar 
Roads— Airports— Bridges— Flood ol 
own Planning— Appraisals 
Investigations & Reports 


Harrisburg, Pa Philadelphia, Pa. 
Pittsburgh Pa. Daytona Beach, Fla. 


HAVENS & EMERSON 


A. A. Burcer A. 
J. W. Avery F Patocsay 
E. 8. Onpway G. H. ABPLANALP 
8. H. Surton 
F. C. Consultant 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations— 


NEw YORK 


Leader 
CLEVELAND 14 


GEOLOGICAL SERVICE 
ASSOCIATES 
Engineering and Ground Water Geology 
Capacity Tests, Investigations, Resistivity 


and Seismic Surveys, Reports, Well and Well 
Field Design, Water Chemistry, and Supervision 


1014 Havey Road CHerry 91492 


Madison 4, Wisconsin 


HAZEN AND SAWYER 
Engineers 
Richard Hazen Alfred W. Sawyer 
H. E. Hudson, Jr. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave. New York 17, N.Y. 
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ANGUS D. HENDERSON 


Consulting Engineers 
Anovus D. HenpeRsoNn Tuomas J. Casey 


Water Supply and Sanitation 
Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210 -07—29th Ave. 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Avenue Toledo 6, Ohio 


H. G. Holzmacher & Associates 
Consulting Engineers 
H. G. HotzMacuer 
R. G. Hotzmacuer 8. C. McLenpon 
Municipal Engineering 
Water Supply & Treatment 
Sewerage & Treatment 
Water Analysis Laboratory 


500 Broad Hollow Road, Melville, New York 
66 W. Marie Street, Hicksville, New York 


W. G. KECK & ASSOCIATES, INC. 


Consultants in Geophysics 


Ground water specialists—serving consulting 
engineers, municipalities, and industry 
Aquifer evaluation—Resistivity surveys 

Seismic surveys—Well logging 
Geological studies 


P.O. BOX 107 ED 7-1420 
EAST LANSING, MICHIGAN 


HORNER & SHIFRIN 


Consulting Engineers 
E. E. Bloss V. C. Lischer 


Airports, Sewerage & Drainage, Hydrology, 

Sewage & Industrial Waste Treatment, 

Water Supply & Treatment, Paving, Struc- 
tures, Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investigations— Reports— Advisory Service 
fobile radio communication systems; 
Special mechanical design problems ; 

Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1780 S. Robertson Blvd. Los Angeles 35, Calif 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


810 S. Clinton St. 
Chicago 7, Iil. 
and Principal Mfg. Centers 


KENNEDY ENGINEERS 


Ricuarp R. Kennepy Rosert M. Kennepy 


Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St., San Francisco 5 
Tacoma Los Angeles Salt Lake City 


THE JENNINGS-LAWRENCE CO. 


Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue 


Columbus 12, Ohio 


DEAN S. KINGMAN 


Consulting Engineer 


Water Works 
Sewerage & Treatment 


1907 University Avenue 
Palo Alto, California 
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Professional Services 


KIRKHAM, MICHAEL & ASSOCIATES 
Engi Architects 


Complete Municipal & Industrial Services: Investi- 
gations, Reports, Design, Supervision of 
Construction, Rates 
WATER—SEWAGE & WASTES—STREETS 
AIRPORTS—BRIDGES & STRUCTURES 

508 South 19th St. 


519 Kansas City St. 
802 Sixth Avenue North 


METCALF & EDDY 


Engineers 


Investigations - Reports 
Planning - Siting - Design 
Supervision of Construction & Operation 
Valuations - Rates - Research - Management 


1300 Statler Building, Boston, Massachusetts 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


JAMES M. MONTGOMERY 


Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations—Rates 
Investigations— Design—Operation 


535 E. Walnut St. Pasadena, Calif. 


KOEBIG & KOEBIG 


lti; rs Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


Sewage Treatment—Water Supply 
Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 
Reports 


New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 


165 Broadway New York 6, N.Y. 


ARTHUR T. LUCE 


Consulting Engineer 


Water Works— Sewerage 
Investigations, Reports, Plans and 
Specifications, Appraisals, Rate Studies, 
Supervisory Consulting Service 


306 Plainfield Road Metuchen, N.J. 


MALCOLM PIRNIE ENGINEERS 


Matcotm Pirntie Cart A. ARENANDER 
Ernest W. Waittock Prante, Jr. 
Rosert D. Awrrep C. Leonarp 


Munictpat AND INDUSTRIAL 
Water Supply— Water Treatment 
Sewage and Waste Treatment 
Drainage—Rates—Refuse Disposal 


25 W. 43rd St. 3013 Horatio St. 
New York 36, N.Y. Tampa 9, Fla. 
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THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurement & Special 
Hydraulic Investigations 


New York 


50 Church Street 


Professional Cards in the 

JOURNAL AWWA 

A must for water supply consultants 
Reserve your space now 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


Power Plants + Water Sewage Plants 
Airports « Industrial Plants« Investigations 
Docks and Terminal Facilities « 


eports 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal ; Industrial Wastes ; Investigations 
& Reports ; Design; Supervision fs) 
‘onstruction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 


Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


RADER AND ASSOCIATES 
Engineers and Architects 
Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 
Supervision o Construction and Operations 
Aerial Photography, Photogrammetry 


The First National Bank Building, Miami 32, 
Florida 


1025 Connecticut Ave. N. W’. 
6, D. C. 


SERVIS, VAN DOREN & HAZARD 


Engineers—Architects 


InvesTIGATIONS - Desicn - SUPERVISION OF 
ConsTRUCTION - APPRAISALS 
- Sewage - Streets - Expressways - High- 
ways - Bridges - Foundations - Airports - Flood 
Control - Drainage - Aerial Surveys - Site Plan- 
ning - Urban Subdivisions - Industrial Facilities 
Electrical - Mechanical 


Water 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sew: Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


New York 55, N.Y. 


369 B. 149th St. 
MOtt Haven 5-2424 


2910 Topeka Bivd. Topeka, Kansas 
J. E. SIRRINE COMPANY 


GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 
Water Supply and Treatment 
Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 
Chemica] and Bacteriological Analyses 


RIPPLE & HOWE, INC. 
Consulting Engineers 

V. A. Vaseen B. V. Hows 
Appraisals— Reports 
Design—Supervision 

Water Works Systems, Filtration and Softening 

Plants. Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


2747 Zuni St., Denver 11, Colo. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 
JACKSONVILLE, FLORIDA 


Seruices 
oe ROBERT AND COMPANY 
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STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle St. 
Muscatine, Ia. Chicago 4, Ill. 


Hanna Building 
Cleveland 15, Ohio 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 


Water—Se Industrial Wastes— Refuse 
Stream pollution—Air pollution—Industrial 
Hygiene 
Surveys—Research— Development— Process 
Engineering — Plans and Specifications — 
Operation Supervision— Analyses — 
Evaluations and Reports 


Newtown Square, Pa. 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


75 Public Square 
Cleveland 13, Ohio 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage oa Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemica! and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


WARD anp MOORE 
Consulting Engineers 
Civil, Municipal, Structural, Land Planning 


Water Supply, Sewage Disposal, Drainage, Streets, 
Parks, Subdivisions, Buildings and Structures 
Investigations, Reports, Design, 
Supervision of Construction 
P.O. Box 178, Corning, N.Y. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports, Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WATER SERVICE 
LABORATORIES, INC. 


Specialists in Water Treatment 
Consulting and Technica! Services 


Main Office: 615 W. 131 St., N. Y. 27, N. Y¥. 
Offices also in: Phila., Wash., & Richmond 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 


Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


J. STEPHEN WATKINS 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 


446 East High Street Lexington, Kentucky 
es 

2617 Dixie Highway, Louisville 16, Kentucky 

107 Hale . Charleston, © Va. 


ENGINEERS 
Designers e Consultants 
Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 E. Sewells Point Road, Norfolk 13, Va. 


WIEDEMAN and SINGLETON 


Engineers 


Water Supply, 
Sewerage, 
Sewage and 
Waste Disposal 


760 West Peachtree Street, N.W. 
Atlanta 8, Georgia 


WILSEY, HAM & BLAIR 
Engineers and Planners 


Investigation and Design 
Water Supply, Treatment and Distribution 
Utilities Rate and Valuation Studies 
Sewage Treatment and Disposal 
Airports, Municipal Works and City Planning 


111 Rollins Road 800 W. Colorado Bivd. 
Millbrae, California Los Angeles 41, Calif. 
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BULLETINS ON 
TREATMENT OF 


WATER, SEWAGE & 
INDUSTRIAL WASTE 


AERATORS—Describes aerators for oxidation of dissolved iron and man- 
ganese, and for elimination of odors and gases. Explains and pictures 
forced draft aerators, pressure aerators and atmospheric aerators. 


FILTER PLANTS—Lists problems of untreated water and offers solutions. 
Explains and pictures four basic water treatment methods for elimina- 
tion of turbidity, minerals, gases, organic matter, and for pH correction. 


CONTRAFLO UPFLOW CLARIFIERS—Pictures and describes five basic contra- 
flo types for water softening and clarification. Explains application for 
industrial wasie neutralization and recovery processes. 


“CR” ZEOLITE SOFTENERS—Illustrates design and construction details of 
ion-exchange softeners for hardness removal; tells how to select proper 
units. Explains various types of regeneration equipment. 


GENERAL FILTER co. 


WATER PROCESS EQUIPMENT BOX 350, AMES, IOWA 

we 7 

GENERAL FILTER CO. 

P.O. Box 350, Ames, lowa + 

Please send free bulletins on items checked. 7 C Filter Plants * 

Your name a Clarifiers = 


Associated with _ 0 Zeolite 
Softeners 


Street address 


Have 
City State representative call 


AERATORS ZEOLITE 
= 
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Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 


volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—lInstitute of Metals (Great Britain) ; NSA— 
Nuclear Science Abstracts; PHEA—Public Health Engineering Abstracts; SIW—Sewage 
and Industrial Wastes; WPA—Water Pollution Abstracts (Great Britain). 


CORROSION 


The Influence of Movement and Tempera- 
ture on the Corrosion of Mild Steel. I. 
Water Circulation Apparatus and Tests in 
Teddington Mains Water. G. BuTLEeR & 
H. C. K. Ison. J. Appi. Chem. (London), 
10:80 (60). An app. designed for investi- 
gating corrosion due to flowing H:O at 
speeds up to 400 fpm and at temp. up to 
70°C is described. The corrosivity of H:O 
is largely governed by its scale-forming prop- 
erties, and an increase in both speed of flow 
and temp. promotes the deposition of a pro- 
tective scale. The decrease of alky. due to 
scale deposition often results in a higher 
corrosion rate on specimens introduced into 
the system during the test —CA 


Glass Drainlines for Disposal of Corrosive 
Wastes. E. K. Lorserc. Ind. Wastes, 5:62 
(’60). Pyrex glass drainlines are now avail- 
able which are guaranteed against corrosion 
or joint leakage for the lifetime of the build- 
ing. The glass pipe is resistant to all cor- 
rosive agents except hydrofluoric acid or hot 
alkalis. Corrosion-resistant Teflon is em- 
ployed as the gasketing material. Glass pip- 
ing is easy to assemble, readily dismantled, 
transparent, and everlasting. Overall cost 
is low. The use of glass pipelines has been 
approved by the Western Plumbing Officials’ 
Assn.—PHEA 


Copper Corrosion and Its Consequences. 
J. K. Arxen. Prod. Finishing (London), 
12:90 (’59). Small amts. of dissolved Cu 
can produce serious consequences. Inhibitors 
such as benzotriazole and 2-guanidino-substi- 
tuted aryl amidazoles are effective in pre- 
venting the dissoln. of Cu ions. They have 
been found useful in cooler, heat exchanger, 
and hydraulic systems 


Aluminum Withstands Corrosive Effects 
of Maracaibo’s Warm, Oxygen-Rich Wa- 
ters. R. S. Datrympte. Oil & Gas J., 57: 
84 (’59). Aluminum pipelines and drilling 
structures of Alloys 6061 and 6062 show only 
minor corrosion from the water line to 30-40 
ft below, and are virtually free of attack 
under this zone and into the mud on the lake 
bottom. Installations are by Creole Pe- 
troleum Corp., Superior Oil Co. of Vene- 
zuela, and Signal Oil Co. of Venezuela in 
Lake Maracaibo, where the water is warm 
and oxygen rich. Galvanic couples between 
aluminum and steel accelerate aluminum 
corrosion. Unprotected steel liner pipe is 
seriously corroded in the water but not in 
the mud.—Corr. 


Effect of Water on Mechanical Strength 
of Selected Ceramic Compositions. W. J. 
SmorHers. J. Am. Ceram. Soc., 41:440 
(58). A study was made of properties of 
glazes and their effect on strength of certain 
glaze-body combinations and effect of atmos- 
phere, vacuum, certain gases, glaze, and such 
organic liquids as coatings and coatings with 
water. Strength decreased with moisture in 
air and with water in coatings. It is sug- 
gested that a great part of strength im- 
parted by so-called compression glaze may be 
due to moisture protection afforded by it. 
—Corr. 


The Role of Corrosion Inhibitors in the 
Treatment of Water. E. L. Srrearriecp. 
Metaux, Corrosion-Inds., 33:420 (’58). In 
a paper presented at a conference in Brussels, 
April 1957, the author discussed the causes 
of corrosion in industrial equip., the effect of 
softening the water, the mechanism of corro- 
sion, factors affecting the extent of corrosion, 
and the use of corrosion inhibitors. Anodic, 
cathodic, and organic inhibitors were consid- 
ered individually, and examples were given 


(Continued on page 66 PE&R) 
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CONSTRUCT 
BETTER WELLS 


when Halliburton 
cements them! 


The Holliburton Jet Type Cement Mixer permits continuous blending 
of dry cement with water in controlled amounts to obtain consistent 
water-cement ratio throughout the job 


The new well your contractor drills for you w ill probably be 
a good one . .. and you have to keep it that way. An important 
step toward continuous high yield from a water well is to con- 
struct the well properly. Proper construction should include 
cemented casing which help to provide 

* PROTECTION from migration of contaminated water in 
adjacent formations, and from polluted surface water. 

* PREVENTION of bore hole cave-ins which can cut off water 
sources by filling the well bore or plugging the well screen 

* ISOLATION of the aquifer to be produced 

* PROTECTION of the exterior of well casing from corrosion 
For a better water well, get the best contractor and to help 
keep your well trouble-tree, longer, have him construct it 
properly, utilizing Halliburton’s more than 35 years of expe- 
rience in casing cementing 


The proven simplicity of Ha//iburton’s Basic 
Cementing method 


The Halliburton pump pressure forces the cement slurry into 
the casing behind the Bottom Plug which moves ahead of the 
slurry, and displaces well fluids in front of it to outside of 
tke casing. 

When the Bottom Plug lands in the Float Shoe, additional 
pump pressure ruptures the plug diaphragm, allowing the 
cement to pass through the end of the casing and up into the 
annular space between the casing and bore hole 

When the predetermined amount of cement has entered the 
casing, the solid Top Plug is inserted above it. Continued 
pumping of well fluid moves this plug down until it lands on 
the Bottom Plug, forcing the cement outside the casing. When 
pump pressure is released, the fioat valve closes, helping to 
prevent the cement from reentering the casing. The cement, 
thus held in position, sets to form a hard, permanent seal so 
necessary to the future protection of the well. After cement 
sets, the plugs are drilled out leaving the casing clear 


and performance to better service 
for America’s water wells 


Dedicated through research WATER WELL SERVICES 


Halliburton 


COMPANY . OUNCAN. OKLAHOMA 
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including the use of sodium benzoate, the 
use of triethanolamine and sodium mercapto- 
benzthiazole with ethylene glycole water 
coolants for piston engines, and the use of 
amines and quaternary ammonium com 


pounds.—PHEA 


Protection of Trunk Pipelines Against 
Corrosion. V. S. Turkin. Stroitel. Pred- 
privatii Neft. Prom. (USSR), No. 5, 5 
(58). Bituminous coatings used for protect- 
ing pipelines against corrosion show im- 
proved plasticity and resistance to freezing, 
without loss of strength, when 0.1-02% 
polyisobutylene or natural rubber is added. 
Addition of 1-3% polystyrene increases re- 
sistance to alkalis, and 0.3-0.5% of an anti- 
septic agent prevents bact. breakdown. 
Ground rubber in the amt. of 8-10% raises 
the softening point and improves the phys. 
properties. For bituminous coatings with 
kaolin as filler, the upper limit of protective 
potential is 1-1.2 vy, and with rubber it may 
be raised to 1.5 v. In the vicinity of electric 


railway lines, protection against stray cur- 
rents is provided by polarized drainage units 
of 150-500 amp. The production of glass 
fabric as a wrapper and of polyvinylchloride 
and polethylene coatings is being developed. 
—Corr. 


Corrosion in Sour Water Strippers. J. F. 
Mason Jr. & C. M. ScHILLMOLLER. Corro- 
sion, 15:358 (59). This paper discusses the 
several methods used for stripping foul wa- 
ters, disposal of waste gas and water, types 
of corrosion experienced, and steps adopted 
to mitigate corrosion by inhibition, non- 
metallic coatings, and alloy selection. Cor- 
rosion test results obtained in operating foul- 
water treating units also are presented.— 
PHEA 


Corrosion Tests by High-Temperature 
Water on Monocrystals of Aluminum of 
99.99% Purity. P. LeLonc « J. HEren- 
cueL. J. Nuclear Materials, 1:58 (59). 
Monocrystalline and polycrystalline speci- 


(Continued on page 68 P&R) 


ELECTRIC 


KLETT SUMMERSON 
PHOTOMETER 


Adaptable for Use in Water 


Analysis 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET -. NEW YORK, N. Y. 
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Use CALGON® TG during the “critical” period — because 


TUBERCULATION 
ACTS FAST 


The picture (taken 8 months after 
main cleaning) shows what happens 
to water mains during the “‘critical”’ 
period—the first few months after 
cleaning. The way to prevent this is 
to make sure that the freshly scored 
metal is protected immediately—and 
that means Calgon Composition TG, 
the treatment that forms a pretec- 
tive film fast. 

The moment bare metal is ex- 
posed by cleaning, corrosion starts. 
The best way to make sure that cor- 
rosion of clean metal and in old pits 
does not get a head start is to get a 
protective film on the metal imme- 
diately. Put Calgon Composition TG 
right behind the scraper, so that 
this fast film-forming chemical can 
beat corrosion to the punch. It will 
also help disperse the removed cor- 


rosion products, making it easier to 
flush them from the main. 

Calgon Composition TG has other 
benefits, too, when used in-continu- 
ous treatment. (1) It makes ‘“‘red 
water” complaints a thing of the 
past. (2) It is especially helpful in 
areas of low flow, and when temper- 
atures go up. (3) Its greater effi- 
ciency keeps chemical costs down. 

A letter or phone call will bring 
you more information on how Calgon 
can help. Or, a Calgon engineer, ex- 
perienced in controlling water prob- 
lems of all kinds, will be glad to 
make detailed recommendations on 
your specific problem. 


CALGON company 


HAGAN BUILDING, PITTSBURGH 30, PA. 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 
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mens of high-purity aluminum (99.99%), 
prepared from wrought metal, were sub- 
jected to corrosion by water at temps. higher 
than 100°C. By micrographic examn. the 
principal mechanisms of attack were identi- 
fied and their kinetics studied. It is observed 
that: (1) a uniform film is first formed 
over the whole surface and, as previously 
shown, in the grain boundaries; (2) an 
irregular type of attack follows, accompanied 
by pitting; and (3) the latter first outlines 
a network pattern (trace of the dendritic 
solidification texture) and appears in the 
grain boundaries, hence the influence of the 
impurity distr. is revealed even in this high- 
purity metal. The growth phenomenon pre- 
viously observed with polycrystalline sheet 
specimens during corrosion also occurs with 
monocrystalline specimens. As in the case 
of the air oxidation of zirconium, the metal 
creeps under the influence of the tension pro- 
duced at the metal-oxide interface. Cold 
working tends to reduce the corrosion rate 
and attenuates or prevents a specimen 
growth; however, it does not appear to 


diminish the selective attack of the grain 
boundaries. Heat treatment of the cold- 
worked specimens at different temps. pro- 
duces a progressive change in corrosion 
behavior, but it is not until the first recrystal- 
lized grains appear that the corrosion be- 
havior again approximates that of fully 
annealed metal.—Corr. 


Corrosion of Inconel in 600°F Static Wa- 
ter. G. E. Gatonitan & H. L. Tymcuyn. 
Knolls Atomic Power Lab., USAEC, Pub. 
KAPL-2047, Office of Tech. Services, Wash- 
ington, D.C. (’59). A series of static auto- 
clave tests was made to establish the corro- 
sion rate of Inconel in various waters at 
600°F and to det. its resistance to inter- 
granular corrosion and __ stress-corrosion 
cracking. Tests of Inconel 132 welds and 
a bimetal weld-cladding joint between In- 
conel and Type 308 stainless steel were also 
made. The test results show that the two 
heats of Inconel tested possess a rate of 
metal loss up to 9 mg/sq dm-mo. No stress- 
corrosion cracking, intergranular corrosion, 


(Continued on page 70 P&R) 


WHY Use Nt TWICE THE WATER YOU NEED 
TO CLEAN 
FILTER 
BEDS? 


H & T AIR-WATER 
WASH FILTERS use only 
half as much water as 


ordinary systems. Yet 
the air and water, to- 
gether, clean the filter 
bed more completely! 


We are the ONLY large, experienced manufacturer of Air-Water Wash Filters. In 
the past 45 years, we've made hundreds of successful installations. Get the money- 
saving facts about H & T AIR-WATER WASH FILTERS. 


SEND FOR BULLETIN 23-B 


HUNGERFORD & TERRY, INC. 
Clayton 5, New Jersey 
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BONDED 
WATER TANK MAINTENANCE 


* * * 


TANK MAINTENANCE AND REPAIR WORK IS GOOD 
ONLY IF 


It is done by a contractor with 
EXPERIENCE ——INTEGRITY 
——TRAINED MANPOWER 


Our 25 year record is 
——Over 7000 jobs completed 


——Over $5,000,000.00 of work 
completed 


Tank work is hazardous—14 men died while performing this work in the 
last 12 months. 


We pioneered for the industry, the annual bonded maintenance for 


owners of water storage facilities. 


Performance guaranteed by a nationally known Surety Company. 


OFFERED ONLY BY 
NATIONAL TANK MAINTENANCE CORPORATION 
UPPO 1006 
1617 Crocker St. 

Des Moines, lowa 
CHerry 3-8694 


Write, Telephone, or Wire Collect 


“Every Job a Reference” 
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or selective attack of weld samples or clad- 
ding samples was found. Hydrogen-bearing 
water was the least corrosive and produced 
virtually no attack. The addition of ammo- 
nium hydroxide resulted in a smaller amt. 
of corrosion than that observed with neutral 
water. Some effects of heat treatment were 
evident in tests with ammoniated hydrogen- 


Remote Protection by Sprayed Metal 
Coatings on Steel. H. Spinpier. Werk- 
stoffe u. Korrosion (Ger.), 9:278 (’58). 
Metal coatings—zinc, aluminum and alumi- 
num-5% magnesium alioy—were sprayed on 
to selected areas of steel samples, and the 
protection afforded to the bare steel was 
studied and its extent measured by static and 


dynamic tests in natural and synthetic sea 
water. In alternating-immersion tests, re- 
mote protection was given only by zinc. A 
critical covered to uncovered area ratio is 
operative.—Corr. 


free water.—Corr. 


The Effect of Silicon on the Hot Water 
and Steam Corrosion Rates of Zircaloy-2. 
M. D. Carver & H. Kato. Bur. of Mines, 
USBM-U1378, Office of Tech. Services, 
Washington, D.C. (57). The effects of sili- 
con in the range of 40-372 ppm on the re- 
sistance of Zircaloy-2 to the corrosive action 
of pressurized hot water and steam were 
investigated. The data were inconclusive 
that the corrosion rate in hot water varied 
with silicon cont. But the data showed the 
corrosion rate in pressurized steam to in- 
crease slightly with increasing silicon cont. 
in the range of 149-372 ppm silicon.—Corr. 


(Continued on page 74 P&R) 


Antimony Plating on Steel and Zinc. G. 
R. Scuaer; W. H. Sarranek; & C. L. 
Faust. Plating, 45:139 (’58). Anodic treat- 
ment of steel in acid soln. (preferably phos- 
phoric acid) or iron plating was necessary 
before continuous, adherent antimony de- 
posits could be obtained from the citrate bath. 
The former improved the corrosion resist- 
ance of antimony-plated steel but not that of 
zinc-plated steel. In salt-spray mist and in 


WITH OZARK-MAHONING 
SUBMERGED COMBUSTION UNITS 


e@ EFFICIENT e ECONOMICAL 
e NO CORROSION - SCALE TROUBLES 


OZARK-MAHONING  under- 

water burner recarbonators wer 

have been in active service 
for over twenty-five years 
generating CO; in the water all 

at the point of use. A dif- 

fuser is integra! with the 

burner so expensive diffuser 

grids are not necessery. Scal- 

ing and corrosion problems 

are virtually eliminated. It 

is not necessary to drain the 

recarbonation basin for the 

very infrequent servicing 

which may be needed. Brick- 

lined fireboxes and handling 

of corrosive gases are elimi- 

nated. Efficiency remains high 

through long life. For more 

information write for bulletin. 


MAHONING CO. 
TULSA, OKLAHOMA 


OZARK.- 
310 W. SIXTH ST. « 
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Edmonton depends on 


Bailey! 


PRESSURE 


= are the Pressure and Rate 
of Flow records from one of these 
high lift pumps. Note what hap- 
pened at 10:55 p.m. on August 
25th . . . the flow increased 10.2 
M.I.G.P.D. (67% of pump capac- 
ity) almost instantaneously, and 
there was a momentary drop in 
pressure of only 5 psi! 


JOURNAL AWWA 


WATER & WASTE TREATMENT DIVISION 


BAILEY METER COMPANY 
1024 IVANHOE ROAD « CLEVELAND 10, OHIO 
In Canada — Bailey Meter Company Limited, Montreal 


Every hour of every day Ed- 

oaks 

maintains a constant water 
ressure...and BAILEY 
oes it! 

The Bailey Air-Operated 
Control System automati- 
cally regulates two 15,000,000 
Imperial Gallon capacity, 
variable speed, high lift pum 
each fitted with a hydraulic 
coupling... 


During the 24 hours when these 
charts were being recorded only 
one variable speed pump was in 
operation . .. and its output rep- 
resented approximately 20% of 
the total plant output. 

Every minute of every hour, 
Edmonton’s water supply de- 
pends on BAILEY! W-7.5 
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automatic 
recording 


GUARD 


your 


RESIDUAL CHLORINATION SYSTEMS 


Automatic residual recording by Wallace & Tiernan gives you a finger 
on the pulse of your chlorination operation. Your system’s performance 
is analyzed; the results recorded accurately. You have an eye on water 
quality. 

Accurate minute-to-minute records guide plant operation . . . furnish 
proof of your water’s safety. You can analyze your operation and work 
out efficient maintenance and supervisory routines. 

And a W&T Automatic Residual System opens the door to complete 
automation. You have the basis for Compound-loop Control, the ultimate 
in chlorination automation. 

You can build Compound-loop Control component by component. As 
the future demands, you can add W&T auxiliary equipment 
to achieve this closed-loop, information-feedback system, no 
matter what your present arrangement. 


For more information, write Dept. S-140.05 


ay WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9.NEW JERSEY 


Water quality... | 
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ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE @& TIERNAN INC 


Now ... before the first water flows 
into this new tower. With ERP to 
help you from the start of its life, 
you'll fight deterioration . . . lengthen 
the tower’s life . . . come out dollars 


ahead. 


For ERP gives you the finest protec- 
tion there is — cathodic protection. 
From before its birth to the end of its 
long life, your water tower has a con- 
stant guard — ERP. You'll save on 
annual maintenance and _ painting 
costs. And as your water level and 
protection needs change —so does 
your ERP protection. ERP service 
crews constantly keep your protection 
economical and efficient. 


ERP economy can be yours. And 
your greatest economy will come if 
you install ERP now. Write for in- 
formation to Dept. E 53.05. 


30 MAIN STREET. SELLEVILLE 9.NEW JERSEY 
CABLE: ELECTRO. NEWARK. J, 


j 
NOW’S THE TIME FOR ERP... 
x 
n n 
CATHODIC PROTECTION 
u 
1935 
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FASTER 
SETTLING 
RATES 


Not long ago, a water plant in the East 
began adding 1 ppm of a new coagu- 
lant aid called “Wisprofloc-20” to its 
settling tanks. 

Today that plant is spending % less 
for coagulant dosage, getting more 
clarified water per day with retention 
time only half what it was before, and 
producing such high quality water that 
filter runs are longer. 

Wisprofloc-20 is a non-toxic, U.S. 

Public Health Department approved, 
coagulant aid for potable water treat- 
ment. It is highly effective over a wide 
PH range, in all types of clarification 
systems. 
You, lonac and... Wisprofloc-20 is just 
one example of the partnership be- 
tween you and Ionac, in water treat- 
ment. It takes only a call or a letter 
from you to put that partnership into 
action on a specific problem. 

For details on Wisprofloc-20, or any 
specific problem you may have on 
water treatment chemicals, write: 
Ionac Chemical Company, Dept. JA-111, 
Birmingham, N.J. (In Canada, con- 
tact Pfaudler Permutit Canada Ltd., 
Toronto.) 


CHEMICAL COMPANY 
DIVISION OF PFAUDLER PERMUTIT INC. 
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air satd. with water vapor, antimony-plated 
steel showed a greater resistance to corrosion 
than did zinc-plated steel. Electroplating 


| antimony on copper-plated or zinc die-cast- 


ings is not recommended owing to blistering 


| or peeling. The thinner antimony coatings 


produced on zinc by simple immersion in the 
citrate bath showed promise as an alternative 
to chromate coatings under outdoor-exposure 


| conditions.—Corr. 


| Sodium Salicylate as a Corrosion Inhibitor 
| in Neutral Media. 


E. V. BoGatyrREVA & 
S. A. Batrezin. Zhur. Priklad. Khim. 
(USSR), 32:1071 (59). NaC;HsOs retards 
corrosion in distilled and tap waters for many 
steels. Min. protective concns. are given to- 
gether with optimum temps.—Corr. 


| Corrosion of 1100 Aluminum in Boiling 


and D:.O. J. E. Drarey; S. Mort; 


| & R. E. Loess. Argonne Natl. Lab.. USAEC 


Pub. ANL-6015, Office of Tech. Services, 
Washington, D.C. (’59). After an initial 
exposure period, corrosion rates of 1100 


| aluminum are approx. the same in water and 


deuterium oxide at 100°C. More corrosion 
was observed during the initial exposure 


| period in water, but it is possible that this 
| is only a reflection of the difference in con- 
| trol of the purity of the test water—Corr. 


| Costs of Cathodic Protection on Under- 
| ground Pipelines. G. Reuter. 
| Wasserfach. (Ger.), 100:857 (’59). 
_ the cost of cathodic protection is cheaper 


Gas- 4. 
That 


the earlier it is applied is indicated by cal- 
culated cost data for German gas and water 
pipelines, total length 224 km., protected by 
magnesium anodes, and for pipelines of total 
length 217 km., protected by impressed cur- 
rent installations.—Corr. 


Formation and Properties of Passive 


| Films on Iron. M. Conen. Can. J. Chem., 


37 :286 (’59). This is a study of a unified 
mechanism for the formation of passive films 
on iron in aqueous solns., together with the 
effects of water, oxygen, and oxidizing and 
nonoxidizing ions. The gamma-ferric oxide 


| film is formed first by oxidn. of water-formed 
| magnetite, while further thickening of the 


film occurs by oxidn. of diffusing Fe** ion 
at the water surface of the oxide film—Corr. 


(Continued on page 76 P&R) 
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AS 
ADVANCED 
AS 
TOMORROW... 


SMITH 

MODEL H100 
HYDRANT proudly joins the 


5 time-proven Smith product line. No 
other hydrant has ALL these features: 


1. Weatherproof — Tamperproof 
Operating Nut. 


2. Permanently Lubricated Operat- 
ing Mechanism. 


3. Top Travel Stop Nut Prevents Rod 
Bending. 


4. Streamlined Openings Assure 
Maximum Delivery. 


5. Frangible Bolts and Coupling Pre- 
vent Standpipe Damage. 


6. Multiport Drain Mechanism Oper- 
ates Automatically. 


7. Bronze-to-Bronze Valve Assembly 
— Self-Sealed “O” Rings. 


8. Compression Type Valve Prevents 
Flooding. 


Write for details. 


THE ALP. § | 
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Switch to 


ANTHRAFILT® 


the MODERN 
All-Purpose Filtering Medium 


— Anthrafilt Offers— 
9 Major Aduantages 


High Filtration Mates (up to 5 
G.P.M./sq.ft.) are obtainable, con- 
sistent with modern pre-treatment 
practices. 


Longer Filter Runs because An- 
thrafilt provides greater entrapping 
area, and at the same time lessens 
clogging with algae and other fi- 
brous substances. 


Low Wash-Water Costs— Longer 
filter runs, plus the low degree of 
packing after back washing, cut 
wash-water requirements. 


High Degree of Expansion— 
Anthrafilt requires roughly one half 
as much back wash water as a com- 
parable sand filter. 


Less Coating, Caking or Ball- 
ing with mud, lime, manganese or 
iron. 


Better and More Inert Support 
for synthetic resins. 


Gravel Support Beds Kept In 
Better Condition because of re- 
duced chance of gravel movement 
during high rate filtration due to 
reduced weight over support bed. 


Highly Stable. Insoluble in acids 
or alkalis. Produces silica-free wa- 
ter in hot-process waster or solu- 
tion treatments. 


Low Cost. Lighter weight per unit 
of volume saves or freight and 
handling. Attrition losses of less 
than 0.25% per year reduce re- 
placement costs. 


For further information, test samples, quo- 
tations and name of nearest distributor, 
write: 


PALMER FILTER 
EQUIPMENT CO. 
P.0. Box 1696, 822 E. 8th St., Erie, Pa. 


Representing 


ANTHRACITE EQUIPMENT CORP. 


Anthracite Institute Bldg., Wilkes-Barre, Pa. 
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Nonmetallic Coatings for Protecting the 
Tanks in Tankers Against Corrosion. \V. 
A. BersHtern & B. L. KRASIL’SHCHIKOVA. 
Sudostroenie (USSR), No. 3, 38 (’59). 
An evaln. of oil-free paint and varnish coat- 
ings in tanker cargo compartments for pro- 
tection against attack by petroleum products 
and sea water showed that epoxide resin- 
based coatings have best resistance. Also 
investigated were aluminum paint and ethy- 
nol varnish with aluminum powder or iron 
oxide, bakelite varnish with 20-25% alumi- 
num powder, and various primers, enamels, 
and varnishes. The compartments used, 
rarely if ever carried water ballast—Corr. 


The Internal Cathodic Protection of 
Large Steel Pipes Carrying Sea Water. 
J. H. MorGan. Corrosion, 15:417t (’59). 
The author discusses theoretic and practical 
aspects of internal cathodic protection for 
preventing corrosion of large steel pipe car- 
rying sea water, and considers the costs of 
the process. At present the most economic 
method of protection seems to involve the 
use of a cheap, readily applied coating of 
reasonable resistance and cathodic protection 
from point anodes mounted at or near the 
center line of the pipe-—WPA 


Silicate as a Corrosion Inhibitor in Water 
Systems. H. L. SHuLDENER & S. SUSSMAN. 
Corrosion, 16:126 (60). The development 
of a simple, economical proportional-liquid- 
feeding device for distributing sodium sili- 
cate in domestic water pipe permitted effec- 
tive and widespread use of this inhibitor. 
For the past 32 years, it has been used for 
protection of galvanized iron, galvanized 
steel, yellow brass, and copper water piping 
in thousands of buildings in East Coast cities 
which have corrosive water supplies. Prop- 
erly controlled, silicate treatment has elimnd. 
rusty water, maintained satisfactory flow 
rates, and minimized failures due to pitting 
and to clogging by corrosion products. Com- 
parative field experiments have demonstrated 
its effectiveness. Most cases of poor results 
when using a silicate inhibitor have resulted 
from improper feeding by dosing methods, 
piping defects, poor plumbing design or fabri- 
cation, or improper operation of the water 
system, particularly with respect to lack of 
hot-water temp. control. Studies of the 
protective mechanism have shown that it 
involves formation of a thin film containing 
both silica gel and an absorption compound 
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PIPE LINE EQUIPMENT 


JOURNAL AWWA 


“Only The Best” 


For ordering dependable 
and proven pipe line equip- 
ment, consult your latest 
Pollard Catalog #27. 


Included in the #27 
Catalog, and displayed on 
this page, are the M-Scope 
Transistorized Combination 
Leak Detector and Pipe 
Locator, Audio-Scope, Geo- 
phone Leak Detectors, T-10 
Electronic Box Locator, 
Aqua Valve Box Locator and 
Magnetic Dipping Needles 
for locating service boxes. 


Hundreds of water de- 
partments all over the 
country are using Pollard 
“one order” service. You, 
too, can enjoy the advan- 
tages of ordering from the 
nation’s #1 source for de- 
pendable pipe line equip- 
ment. 


POLLARD 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 


Place your next order with POLLARD 


GN, if from POLLARD it's-the Best in Pipe Line Equipment 


NEW HYDE PARK + NEW YORK 


Branch Offices 


964 Peoples Gos Building, Chicogo, Hlinots 
333 Candler Building. Atlanta, Georgia 


PHONE: PIONEER 6.0842 
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of silica and the metal hydroxide. Further 
basic studies are desirable for understanding 
the respective roles in protective film forma- 
tion of alkalinity and silica in natural waters 
as compared to those in added silicate— 
PHEA 


Corrosion of Nonferrous Metals: I and II. 
Bldg. Res. Sta. Dig., Nos. 110 and 111 (’58). 
Information is given on factors affecting the 
corrosion of lead, copper, zinc, and alumin- 
ium, and possible methods for preventing 
corrosion, including corrosion by acid rain 
water. Aluminium can be used for pipe to 
carry rain water, but cannot be recommended 
for water supply and waste water pipe. The 
use of nonferrous metals in water systems 
is considered, and the causes of corrosion of 
various sections of the system are tabulated. 
—WPA 


Prevention of Corrosion in Hot and Cold 
Water Systems. J. J. Dwyer Et AL. Arm. 
Ry. Eng. Assoc., Proc., 61:285 (’59). Chem. 
causes and mech. design are considered. 


Chem. treatments are described and details 
of required dosages given for the various 
neutralizing and film-producing amines, with 
a description of the anal. methods available 
for control.—CA 


Stress Corrosion of Stainless Steel and 
Boiler Water Treatment at Shippingsport 
Atomic Power Station. W. J. SINGLEY 
ET AL. Proc. Am. Power Conf.,21:748 (’59). 
Metallurgical examn. of tubes removed from 
the steam generator identified the failures as 
stress-corrosion cracking. Lab. tests indi- 
cated the failures were caused by caustic 
stress corrosion. The situation was cor- 
rected by increasing the PO. ~~ feed (added 
as orthophosphate) which in turn facilitated 
the maintenance of the proper PO.~~-pH 
balance.—CA 


Sodium Silicate as a Corrosion Inhibitor 
in Gas Holders. P. G. Crements & F. R. 
Jackson. Gas J., 297:106 (’59). An inves- 


tigation, carried out to study the effect of 
adding sodium silicate as a corrosion inhibi- 


(Continued from page 76 P&R) 


Packaged in 50 Pound net 
Lithographed Steel Pails 
Easy and Safe to Handle. 


Developed Specifically for Chemically Treating Municipal and 
Industrial Wells to Increase the Flow. Proven in Thousands 
of Wells Over the Past Ten Years 

MAKE NEW WELLS BETTER & OLD WELLS LIKE NEW with— 
DRY ACID® DRY ACID® SPECIAL 


Reg. U. S. Pat. Off. 


(OTEY [ HEMICAL [OMPANY 


Box 1239 2301 Ave. G POrter 3-1566 


Lubbock, Texas Export Office: Box 734 
Fort Worth, Texas, USA 


: 
: 
‘ 
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“Better Wells with Chemicals” 
ACID 
SPECIAL 
. 
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1879—ROSS-1879 
Automatic Values 


Controls Maintains - 
elevation of safe operating 
water pressures 

for 
tanks, basins conduits, 
distribution 
reservoirs 
ALTITUDE VALVE 1, Single Acting Pre: 
2. Double Acting SURGE-RELIEF VALVE 
Maintains 
desired 
discharge A self contained 
pressure unit with 
regardless three or more Ai 
of change automatic ‘ 
in controls 
rate of flow 


REDUCING VALVE 

Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 

acting 
2. Pilot oper- 
ated and with 
float traveling 
mbetween two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 
Packing Replacements for all Ross Valves Through Top of Valve 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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tor to gas-holder water, is described. During 
a period of 13 months, steel test panels were 
hung in a silicate-treated holder and an un- 
treated holder acting as a contro!, and re- 
moved at intervals for examn. The final 
results, though not conclusive, suggest that 
the life of a holder would be increased by 
using silicate. In the case of unpainted steel, 
an increase in life of as much as 30-60% was 
indicated. Furthermore, it was noticed that 
the silicate treatment markedly reduced stain- 
ing of the paint ‘work by red water. This 
may, in some cases, be more significant than 
actual corrosion inhibition; further work is 
to be carried out on this aspect—IVPA 


Prevention of Corrosion of Steel Struc- 
tures in Water Works. W. HauptMann. 
Gas- u. Wasserfach. (Ger.), 101:877 (60). 
Satisfactory protection of Fe and steel re- 
quires complete scale removal, which is best 
accomplished by sandblasting. Oil-based 
paints are not satisfactory for underwater 


exposure. Properly made oil-modified resin 
paints are satisfactory. Bituminous paints 
also give good service, but are frequently 
replaced by paints of brighter color, esp. 
paints based on chlorinated rubber. Transi- 
tion coatings (Sperrlack) between bituminous 
coatings and bright-colored paints are not 
entirely satisfactory and only a few colored 
bituminous paints are available. At present, 
such bituminous paints should be removed 
by sandblasting if colored paints are to be 
used. Painting should be carried out during 
the period when surface condensation rarely 
occurs and at a temp. above 20°C.—CA 


The Increasing Significance of the Corro- 
sion and Boiler Deposits Problem. P. M. 
Gupacer. Heisung u. Luftung (Ger.), 26: 
24 (’59). The problem of boiler deposits 
and corrosion is reviewed from the chem. 
viewpoint, and the effects of the preventive 
Guldager electrolysis process, which is an 
Al anodic protection process, are discussed. 
—CA 
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Spherical 


SHOCK 


TRAP® for 


WATER LINES 


PATENTS PENDING and plant costs 


PULSCO* 


Designed primarily for shut-down or shut-off 
application, this unit is used in pumping 
plants, irrigation systems, fire control on 
rocket test stands, municipal water systems, 
etc. Of the water interface type, y. Pulsco 
shod principle reduces pressure 
within the line, 
Guaranteed not to 200 PSIG 
Shock Trap is built 
SEND FOR BULLETINS AN 
APPLICATION DATA 
PULSATION CONTROLS 
CORPORATION 


ock and surge hinetle energy 
the swirl cham 
and up. Sizes from “34 to 102 to 102 ee ae 
Representatives in all principal cities 
P. 0. Bex 169, Santa Paula, Calif. 
Phome JAcksom 65-0641 


AMONG WATER WORKS MEN 


THE HEAVY-DUTY 


ELLIS 
PIPE CUTTER 


is BEST 


FOR CUTTING LARGE 
SIZES OF PIPE 


No. 01 Cuts Pipe 4’ to 8” 
No. 1 Cuts Pipe 4’ to 12” 
No. 1B Cuts Pipe 4’ to 16” 


Write for circular and price list 
No. 42 on our complete line of 
pipe cutting tools, 


ELLIS « FORD MFG. CO. 
1100 Coolidge Rd. P. 0. Box 308 
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and a 
serewdriver 


That’s all it takes to complete the field 
assembly of a 24” square unit. This 
practical design of filter bottom offers 
superior performance and is the only 
underdrain system that does not have 
to be secured to the bottom of the 
filter. This feature makes it possible to be installed at a 
fraction of the cost of conventional filter bottoms. Built 
of strong, non-corrosive materials — asbestos fibres and 
Portland cement—the FECO “FRE-FLO” filter bottom 
is designed so that ports cannot be blocked by gravel, 
closed by expansion or enlarged, assuring constant flow 
and uniform backwash. 

The flexibility of the “FRE-FLO” design offers a prac- 
tical replacement of archaic underdrains which cease 
to perform adequately. 

This false bottom type of underdrain effectively elimi- 
nates the velocity head of the backwash water before it 
enters the gravel layer, making it possible to reduce the 
amount of gravel. 


Write for FREE Literoture 


FRE-FLO FILTER BOTTOMS 


RATION EQUIPMENT CORPORATION 
271 Hollenbeck St., Rochester 21, N. Y. 
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BOILERS AND FEEDWATER 


A New System for the Completely Auto- 
matic Chemical Analysis of Boiler and 
Condensate Waters in Power Plants. A. 
Ferrart & E. CANTANzARO. Proc. Am. 
Power Conf., 21:722 (’59). The system 
consists of an automatic sampling unit, a 
proportioning pump, a const.-temp. dialyzer, 
a heating bath, a dual-beam ratio recording- 
type colorimeter, a ratio-type recording unit, 
and a voltage-regulator unit. Details of Si 
and P anals. are given. Ultimately, the 
analyzers will be applicable for detns. of 
Fe, Cu, chlorides, chromates, dissolved O, 
borates, hydrazine, Al, and Cl—CA 


The Volumetric Determination of the Sul- 
fate Contents of Boiler Waters. K. 
GuntHer. Gas- u. Wasserfach. (Ger.), 101: 
1274 (60). Sulfate in boiler water can be 
detd. rapidly by the following method: 40 ml 
of the boiler water is weakly acidified with 
0.1N HCl. The water is then boiled about 


5 min to drive off CO. after which phos- 
phates are pptd. by adding a drop of 20% 
Fe( NOs)s soln. and making the soln. am- 
moniacal with a few drops of 25% NHs 
soln. The soln. is then boiled to drive off 
NH;. After cooling, the sample is trans- 
ferred to a 50-ml graduated cylinder and 
made up to 50 ml. Approx. half of this soln. 
is filtered through a dry S. & S. No. 589 
white-band filter into a dry 100-ml erlen- 
meyer flask. About 200 mg Ba oxalate is 
added, the mixt. boiled for a short time and 
again cooled to room temp.; after a few min 
it is filtered through a S. & S. No. 589 blue- 
band filter into a dry erlenmeyer flask, with 
the rejection of the first part of the filtrate ; 
10 ce of the filtrate is acidified with H:SO,, 
heated to about 80°C, and titrated hot with 
0.01N KMnO, soln. A complete detn. takes 
about 0.5 hr. Calen.: (ml 0.01V KMnO, 
soln. used — 0.7) 160=mg/l The 
0.7 subtraction is a correction for soly. of the 
oxalate and for KMnQ, used by water, free 
from reducing substances. With boiler water 


(Continued on page 86 P&R) 


SUCCESSOR 
TO THE MPN 


FOR WATER ANALYSIS 


Millipore® filters give direct, 
confirmed results in 16 hours 
with far less equipment and 
fewer man hours than fermenta- 
tion tube methods. 


APHA Standard Method 
USPHS Appr 
Complete technical information 


available from 
Millipore FILTER CORPORATION 


BEOFORD, MASSACHUSETTS 


Don’t forget to notify us of 


your new address—and the 


sooner the better, as it takes 
a couple of months before a 
mailing list change can be 


made. Write to: 


Journal AWWA 
American Water Works Assn. 
2 Park Ave., New York 16, N.Y. 
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Introducing 
Bethlehem’s 
Bell-and-Spigot Joint, 
with Gasket 


Here’s a joint that promises new ease and speed 
of installation, added to the many well-known 
advantages of steel pipe. 

We make it in diameters from 24 in. through 
120 in., but if you have something a little 
smaller or larger in mind, let’s talk it over. 

And this joint is tight. We’ve tested it to over 
450 psi (more than double ordinary working 
pressures) and it didn’t leak a drop. 

We can line and coat the pipe at the shop 
with top-quality coal-tar enamel, and wrap it 
if desired. This gives you the best, longest- 
lasting protection that money can buy, plus 
high flow capacity. But if other coating com- 
binations are preferred, we'll supply the pipe 
to comply. 

As with all steel pipe, every single 40-ft 
length undergoes a hydrostatic test well in 
excess of the design working pressure. 

If you’re thinking about installing a large- 
diameter water main, let us give you more 
information about our new Bell-and-Spigot 

fer trent Pipe. We suggest that you have a talk with the 
people at the Bethlehem sales office nearest you. 


... Economy 
... Versatility 


BETHLEHEM STEEL COMPANY, BETHLEHEM PA. gh OG 
Export Sales: Bethlehem Steel Export Corporation y 
BETHEEHEN 


BETHLEHEM STEEL (jum 


« 
: 
¥ e 


high in sulfate, interferences can be reduced 
by diln. of the sample with doubly-distd. 
water. In the presence of reducing materials, 
such as hydrazine, the water sample should 
be boiled with 5 ml 0.01N KMnO, soln. be- 
fore other operations. This method requires 
approx. 250 mg/I sulfate; solns. with lower 
conens. should be coned. by evapn.—CA 


Determination of the Total Salt Content 
of Boiler Water From Electrical Conduc- 
tivity. J. A. Nooyer & G. B. Smarr. 
Chem. Weekblad. (Netherlands), 55:150 
(59). Pyrogallol is preferred to the gallic 
acid currently used as an auxiliary substance 
in this type of detn—CA 


Demineralization of Water at the Alost 
Power Plant. J. Berto. Tech. I’eau (Brus- 
sels, 13:13 (’59). The author give a de- 
tailed description of the plant for deminer- 
alizing boiler feedwater for the power plant 
in Alost, Belgium. The water is treated with 
calcium hydroxide to ppt. carbonates, which 
are removed by sand filtration, and the de- 
carbonated water undergoes ion exchange. 
The basic principles underlying ion exchange 
and the use of Amberlite resins are dis- 
cussed —W PA 


Treatment of Make-Up Waters in Cooling 
Towers. V. Deraunay. Genie chim. 
(Paris), 83:37 (60). The purposes of 
makeup water treatment are to prevent 
incrustation, inhibit circuit corrosion, and 
preserve the wooden towers. A treatment 
is described based on decarbonation of the 
H.O by acidifying to pH 5-6 with dil. HCl, 
followed by addn. of a chelating polyphos- 
phate; NaClO is used for algal control —CA 


Automatic Chemical Analysis of Aqueous 
Condensate in Boilers and in Electricity 
Plants. A. Ferrart & E. CATANZARO. 
Acqua industr. (Italy), 2:30 (’60). Con- 
tinuous automatic systems are described and 
shown diagrammatically for the anal. of 
boiler condensate, with particular reference 
to the detmn. of silica and phosphate, both 
by the molybdenum blue methods. The 
equip. is similar to that previously described 
for the continuous anal. of waste waters. 
—WPA 


Standby of Nonoperating Boilers. R. T. 
Hanton. Modern Power & Eng., 54:98 
(60). Unless precautions are taken, serious 
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corrosion occurs during out-of-service pe- 
riods. If boilers are to be out of service for 
some time, the total alky. of the water before 
shut-down should be adjusted with NaOH, 
NasCOs, etc., to between 400 and 500 ppm 
as CaCOs, and a lignin derivative or tannin 
added. Cooling down should be at a rate 
of not more than 100°F/hr. The boiler 
should then be cleaned and later dried by a 
light fire. After sealing the boiler, moisture 
should be excluded by using CaO or silica 
gel within the boiler. For wet standby for 
shorter periods, a sulfite excess of 500 ppm 
should be maintained and a hydroxide alky. 
(supplied by NaOH addns.) of 2,000 ppm 
as CaCO;, with sufficient lignin deriv. or 
tannin to give a dark brown color. The 
boiler must be maintained completely full of 
soln. (makeup with deaerated water). When 
superheaters are of the nondrainable type, 
it is desirable to add volatile neutralizing 
amine and hydrazine (instead of NaOH and 
sulfite) to provide a pH value of not less 
than 10.5 and a hydrazine excess of at least 
500 ppm in the boiler water—CA 


Boiler Water Treatment. Chem. Trade J., 
146:1092 ('60). Boiler feed water for the 
Taswan Pulp & Paper Co., Auckland, N.Z., 
is obtained from the river Tarawera. The 
water contains about 290 ppm minerals with 
60 ppm soluble silica, and plant has been in- 
stalled to reduce the silica concn. to not more 
than 4 ppm and to lower the alky. Treat- 
ment comprises hot lime softening, and re- 
moval of silica by controlled addn. of mag- 
nesium oxide with recirculation of sludge. 
Any suspended matter carried over from the 
softening unit is removed in nonsiliceous 
pressure filters. Residual hardness is re- 
moved by treatment in hot sodium zeolite 
ion-exchange units. The water is finally 
treated in a deaerator to remove free carbon 
dioxide and to reduce the oxygen concn. to 
less than 0.005 cc/l—WPA 


Modern Analytical Methods for Boiler 
Feed Water. W. R. Jones. Ind. Chem., 
36:27, 34 (60). The effects of various im- 
purities in boiler feedwater are discussed, 
and analytic methods for their detmn. are 
described in detail. The impurities consid- 
ered are carbon dioxide and carbonates, dis- 
solved oxygen, silica, and copper and iron 
compounds; techniques for measuring the 
pH value and conductivity of boiler feed and 
makeup waters are included—WPA 
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LAYNE-the only complete 
water service organization 


INITIAL SURVEYS, 
EXPLORATIONS, 


PUMP DESIGN, COMPLETE 


MANUFACTURE AND RESEARCH STAFF 
INSTALLATION AND FACILITIES 


CHEMICAL. TREATMENT 
OF WATER WELLS 


In an age of specialization there is a definite advantage in doing 
business with a company offering a COMPLETE SERVICE. Only 
Layne, with over 75 years of experience and backed by Layne 
Research, can offer its customers this complete water service. 


LAYNE & BOWLER, INC., MEMPHIS 


WE Offices and Factory « Memphis 8, Tenn. 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 


"RECOMMENDATIONS SELECTION SAMPLING WELL DRILLING 
COMPLETE SERVICE 
4 
MEANS UNDIVIDED RESPONSIBILITY 
| 
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Insidious is what we would call a 
recent advertisement in the Indianapo- 
lis Star, infectious, its philosophy, in- 
vidious, its technique. “Water’s great 
for my bath, Mom [says the baby in 
the bath in the ad], but use ‘Steam- 
Puff’ for your ironing!” Steam-Puff, 
it appears is a “new miracle steam 
ironing fluid.” And the ad goes on, 
thinking to fool us with flattery: 
“Don’t use water in your steam iron. 
Change to new O-Cedar Steam-Puff 
today! It costs a little more than 
water (doesn’t everything) but we’re 
so sure you'll agree it makes ironing 
easier that we guarantee satisfaction 
or your money back.” 

In the next series I can imagine 
Marilyn Monroe in that bathtub, say- 
ing “Water’s great for my petunias, 
Joe, but use champagne for my bath!” 
As for Joe, whether he’s in the bath 
or not, I have no trouble imagining his 
saying: ‘“Water’s great for my boat, 
Marilyn, but use olive oil for my 
cooking !”’ 

Next thing you know we'll be out 
of business. 


Homer P. Binder, consultant in the 
fluid dynamics department of Allis- 
Chalmers Mfg. Co., retired on Jul. 
31 after 50 years of service in pump 
engineering and sales. A _ former 
president of the Hydraulic Institute, 
he served as his firm’s representative 


in AWWA since 1944. 


Practice what you preach—that is, 
drink what you deliver—was the tenor 
of an article in the Chicago newspaper 
last spring, pointing out that, although 
3,900,000 citizens of Chicago and 58 
suburbs drink Lake Michigan water, 
those in City Hall who are responsible 
for delivering it to them prefer bottled 


water selling at more than a thousand 
times the price. The excuse given was 
that it would cost more to bring city 
water to the offices involved. Oh, to 
be a plumber! 


USPHS research grants totaled al- 
most $1,500,000 during the fiscal year 
ending Jun. 30, 1961. Established by 
Congress in August 1960, the program 
awarded 63 grants to 42 schools in 24 
states and Puerto Rico. 


“Vagrant waters’ is a term that has 
about it an aura of romance, adven- 
ture, even mischief. And the fact that 
“vagrant water” may, according te 
Indiana law, be impounded by those 
who capture them on their property 
leaves us not a bit surprised. What 
does surprise us though is the fact that 
anything so imaginative, so under- 
standable, could be the legal term for 
describing diffused [like confused] 
surface waters—that is, surface waters 
not following any logical course or 
lying within definite banks or bound- 
aries. Probably the work of some 
vagabond lawyer. 


Louis A. Geupel has retired from 
his position as an engineer in the of- 
fice of the Assistant Secretary of De- 
fense in Washington, and is now living 
in Evansville, Ind. A member of 
AWWA since 1922, he is a Life 
Member. 


The World Health Organization 
will provide a limited number of short- 
term fellowships for the “improvement 
and expansion of health services” in 
the United States. Applicants must be 
engaged in full-time public health or 
educational work. 


(Continued on page 90 P&R) 
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CENTRILINE 


adds 


PERMANENCE 


to steel pipelines 


Steel has the Strength 
Centriline has the Lining 


Even before they are put in service, steel 
pipelines can be improved by the Centriline 
Process. To steel’s great strength, 
durability and flexibiiity of design, add 

a smooth, continuous Centrilining of 
cement-mortar. Corrosion and 
tuberculation cannot then attack 

the line. Pressure is maintained, 

pumping costs stay down, and 2 
operating problems are cut to the bone. 


Trained Centriline crews and all necessary equip-~ 
ment are spotted strategically across the U.S., 
Canada and Latin America—ready to work on new 
pipe or to renovate pipelines already in place. Only 
a very few excavations are needed in this latter 
process. Our engineers will also help in the design 
and specification of Centrilined steel pipes. 


Because of these advantages and services, many 
major cities now specify in-place cement-mortar 
lining—evidence that Centrilining steel pipe (up to 
12 feet in diameter) is a good move in the direction 


ess. On special problems, our engineers will be 
pleased to consult with =, 
you at once. : 


CENTRILINE CORPORATION 


A Subsidiary of Raymond International Inc. 


140 CEDAR STREET -NEW YORK 6,N. Y. « WOrth 2-1429 
Branch Offices in Principal Cities of the United States, Canada and Latin America 


4 PER 89 
of real economies. Send today for our illustrated = 
brochure that covers the entire Centriline proc- ==: 
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Bottle-tignt 


Easy tappin 
¥ High record of maintained 


vf flow efficiency 
Strength against crushing 


Strength against impact 
Beam strength 
af Strength against internal 
af Impervious pipe walls 
Low installation costs 


NO cheap substitute pipe 


can meet these “musts” 


ALABAMA PIPE CO. 


A DIVISION OF WOODWARD IRON COMPANY 
Phone AD 6-7601, ANNISTON, ALABAMA 


pressure 


We invite your inquiry at any sales office: 


Cuicaco: 122 S. Michigan Avenue 

New York: 250 Fifth Avenue 

Kansas Crry: Suite 950, 1006 Grand Ave. 
Derrorr: 18505 W. Eight Mile Road 
Soutu Gate, Calif: 5335 Southern Ave. 


EMPLOYMENT INFORMATION 


Vol. 53, No. 11 


(Continued from page 88 P&R) 


The deadline for the receipt of appli- 
cations is Jan. 1, 1962. Further infor- 
mation and application forms may be 
obtained from Howard M. Kline, sec- 

| retary, WHO fellowship selection com- 
mittee, USPHS, Washington 25, D.C. 


C. Elmer Clifton, former sanitary 
engineer for Caird Laboratories, Troy, 
N.Y., died on Sep. 14 at his home in 
Round Lake, N.Y., at the age of 75. 
A graduate of Rensselaer Polytechnic 
Institute, he was associated with the 
Caird firm until his retirement in 1954. 
A member of AWWA since 1910, he 


was a_ Life Member. 


| Classified ads will be accepted only for ‘Positions 
| Available” or “Position Wanted. Rate: $1.50 
| line (minimum $5.00), payable before publication. 
| Deadline for ad copy: first of month prior to month 
| of publication desired. To place ad, obtain ‘‘Cl 

Ad Authorization Form” from: Classified Ad Dept., 

ournal American Water Works Assn., 2 Park Ave.. 

| New York 16, N.Y. 


Positions Available 


DIRECTOR OF PUBLIC WORKS— 
CITY ENGINEER 
The city of Bloomington, Minn., (population 54,000) 
is accepting applications for the position of Director of 
Public Works—City Engineer. Applicants must 
registered Civil Engineers with at least five years’ 
experience in public works and engineering. Starting 
salary $9,000 to $12,500, depending on experience. 
Send resume to: 
City Manager 
City Hall 
Bloomington 29, Minnesota 


WATER PLANT SUPERINTENDNENT 
WATER DISTRIBUTION 

| SUPERINTENDENT 
Mid-Western university city of 40,000 population is 
accepting applications for the above positions. The 
city has recently assumed operation of the water 
utilities, and the positions offer a real challenge for 
competent and experienced men. Salary open, liberal 
vacation, sick leave, etc. Apply: Box 1101A, Journal 
American Water Works Assn., 2 Park Ave., New 
York 16, N.Y. 
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FROM TOP TO BOTTOMS... 
SPECIFY LEOPOLD 


1 Leopold Glazed Tile Filter Bottoms. 
2 Leopold Fiberglass-Reinforced Plastic Wash Troughs. 
3 Leopold Rotary Surface Washers. 


50-year 
filter block 


F. B. LEOPOLD CO.., INC., Zelienople. Pa. 


Now you can specify an entire non-corroding 
filter installation from Leopold . .. your 
experienced source of supply. For lowest 
“over-the-years” cost, choose performance- 
proved Leopold glazed tile filter bottoms, 
built to last at least half a century. Tough 
Leopold fiberglass-reinforced wash troughs 
require no painting or other expensive main- 
tenance. And new Leopold self-propelled 
rotary surface washers complete the package 
with a dependable product that’s guaranteed 
for five years against mechanical and func- 
tional defects. Leopold filter plant equipment 
is used in thousands of plants throughout 
the country, on both new and rehabilitation 
projects. Choose these time-tested products 
by Leopold ... for your complete filter needs. 
Write today for facts and figures. 


F. B. LEOPOLD CO., INC., Zelienople, Pa. 


O Please send literature on Leopoid Glazed Tile Filter Bottoms. 
Please send literature on complete line of Leopold products. 


Name 


Affiliation 


City 
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ADVERTISERS’ PRODUCTS 
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Inder of Aduertiters’! Products 


Activated Carbon: 

Industrial Chemical Sales Div. 
Permutit Co. 

Activated Silica Generators: 
B-I-F Industries, Inc. 

Wallace & Tiernan Inc. 
Aerators (Air Diffusers): 
Carborundum Co. 

General Filter Co. 

Permutit Co. 

Walker Process Equipment, Inc. 


Air Compressors: 

Allis-Chalmers Mfg. Co. 

Worthington Corp. 

Alum (Sulfate of Alumina): 

American Cyanamid Co., 
Chemicals Dept. 

General Chemical Div., Allied 
Chemical Corp. 

North American Coal Corp. 

Ammonia, Anhydrous: 

General Chemical Div., Allied 
Chemical Corp. 

Ammontlators: 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Co., Inc. 

Ammonium Slilicofiuoride: 

American Agricultural Chemical Co. 

Associations, Trade: 

American Concrete Pressure Pipe 
Assn. 

Cast Iron Pipe Research Assn. 


Steel Plate Fabricators Assn. 

West Coast Wood Tank Assn. 

Brass Goods: 

Anaconda American Brass Co. 

Hays Mig. Co. 

Mueller Co. 

Brine-Making Equipment: 

International Salt Co. 

Caleium Hypochlorite: 

Olin Mathieson Chemical Corp. 
(Mathieson Chemicals) 

Calculators Hydraulic: 

Martin, Robert E. 

Carbon Dioxide Generators: 

Ozark-Mahoning Co. 

Walker Process Equipment, Inc. 

Cathodic Protection: 

Electro Rust-Proofing Corp. 

Harco Corp. 

Cement Mortar Lining: 

Centriline Corp. 

Halliburton Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Chemical Feed Apparatus: 

B-I-F Industries, Inc.—Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

F. B. Leopold Co. 

Permutit Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Chemists and Engineers: 

(See Professional Services) 


Chiorination Equipment: 

B-I-F Industries, Inc.—Bu 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Inc. 

Chlorine Comparators: 

Fischer & Porter Co. 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 

Chlorine, Liquid: 

Olin Mathieson Chemical Corp. 
(Mathieson Chemicals) 

Wallace & Tiernan Inc. 

Clamps and Sleeves, Pipe: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Smith-Blair, Inc. 

Trinity Valley Iron & Steel Co. 

Clamps, Bell Joint: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Smith-Blair, Inc. 

Trinity Valley Iron & Steel Co. 

Clarifiers: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Met-Pro, Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 


HYDRAULIC 
CALCULATOR 


For the determination of 
friction loss, flow, velocity, 
pipe size, “C” value, and 1.85 
h/Q factor. Based on Wil- 
liams and Hazen formula. 
Consists of two circular plastic 
discs and indicator arm. Pipe 
sizes range from 4” to 72”. 
Overall size of calculator is 6”. 
Instruction booklet included. 


For immediate delivery, send 
$6.00 to 


Robert E. Martin 
Consulting Engineer 
7709 Preston Highway 
Louisville 19, Kentucky 


W. S. DARLEY & CO. 


SUPPLIES 


Me. 162 


ESTABLISHED 190i) 


DARLEY & CO 


WRITE TODAY 
For 
100 PAGE CATALOG 


Melrose Park, Ill. 
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Melvin B. Gorto 


You need only 2 parts! 


With Rockwell Sealed Register* meters you need to carry only 
two parts in your inventory as compared to the large number 
needed to repair conventional meters. Let our representative 
prove this to you or write for bulletin W-811. Rockwell 
Manufacturing Company, Department 163L, Pittsburgh 8, 
Pennsylvania. In Canada, 

imitated Rockwell Manufacturing 

never equalled Company of Canada, Ltd., another fine product by 
Box 420, Guelph, Ontario. ROCKWELL? 


*Trademark 
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Coagulant Aids: 

Hagan Chemicals & Controls, Inc. 
Nalco Chemical Co. 
North American Mogul Products 


Co. 
Philadelphia Quartz Co. 
Condensers: 
Allis-Chalmers Mfg. Co. 
Permutit Co. 


United States Pipe & Foundry Co. 
Worthington Corp. 


Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 
Bailey Meter Co. 
-I-F Industries, Inc.—Builders 
Fischer & Porter Co. 
Foxboro Co. 
General Filter Co. 
Hersey-Sparling Meter Co. 
Simplex Valve & Meter Co. 


Copper Sheets: 
Anaconda American Brass Co. 


Copper Sulfate: 
Tennessee Corp. 


Corrosion Control: 

Calgon Co. 

Harco Corp. 

Nalco Chemical Co. 

American Mogul Products 

Philedelphia Quartz Co. 

Southern Pipe Div. of U.S. Indus- 
tries 


Couplings, Flexible: 

Dresser Mfg. Div. 

Smith-Blair, Inc. 

Southern Pipe Div. of U.S. Indus- 
tries 

Covers, Vault: 

Ford Meter 

Wachs, E. H., C 


Diaphragms, 
Dorr-Oliver Inc. 


Engineers and Chemists: 
(See Professional Services) 


Evaporating Equipment: 
Ozark-Mahoning Co. 
Permutit Co. 


Excavating Equipment: 
Charles Machine Works, Inc. 


Feedwater Treatment: 

B-I-F Industries, Inc.—Proportion- 
eers 

Calgon Co. 

Hungerford & Terry, Inc. 

Nalco Chemical Co. 

North American Mogul Products 

oO. 

Permutit Co. 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Anthracite Equipment Corp. 

Carborundum Co. 

General Filter Co. 

Johns-Manville Corp. 

Northern Gravel Co. 

Permutit Co. 

Filters, incl. Feedwater: 

B-I-F Industries, Inc.—Proportion- 
eers 

Dorr-Oliver Inc. 

Permutit Co. 

Ross Valve Mfg. Co. 

Filtration Plant Equipment: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.--Omega 

Chain Belt Co. 


ADVERTISERS’ PRODUCTS 


Filtration Equipment Corp. 
General Filter €o. 
Specialty 

0. 
Hersey-Sparling Meter Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 

Id Co. 


F. B. Leo 
Permutit 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 
Fittings, Copper Pipe: 
Dresser Mfg. Div. 
Hays Mfg. Co. 
Mueller Co. 
Fittings, Tees, Ellis, etc.: 
American Cast fron Pipe Co 
James B. Clow & Sons 
Div. 

1 & H Valve & Fittings Co. 
Smith. Blair, Inc. 
Southern Pipe Div. of U.S. Indus- 

tries 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 
Flocculating Equipment: 
Chain Belt Co. 
Dorr-Oliver Inc. 
General Filter Co. 
Infilco Inc. 


Valve 


Permutit Co. 

Fluoride Chemicals: 

American Agricultural Chemical Co. 

General Chemical Div., Allied 
Chemical Corp. 

Olin Mathieson Chemical Corp. 
(Mathieson Chemicals) 

Ozark-Mahoning Co. 

Tennessee Corp. 

Fluoride Feeders: 

B-I-F Industries, Inc. 

B-I-F Industries, Inc. 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Co., Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 

Gages, Liquid Level: 

Bailey Meter Co. 

B- Industries, Inc.—Builders 

Fischer & Porter Co. 

Hersey-Sparling Meter Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Foxboro Co. 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Pittsburgh-Des Moines Steel Co. 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

Armco Drainage & Metal Products, 


Inc. 

ames B. Clow & Sons 
Mueller Co. 
R. D. Wood Co. 
Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Worthington Corp. 


Omega 
Proportion- 
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Glass Standards—Colorimetric 
Analysis Equipment: 

Fischer & Porter Co. 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Mueller Co. 

Southern Pipe Div. of U.S. Indus- 
tries 


Hydrants: 

James B. Clow & Sons 
Darling Valve & Mfg. Co. 
Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Hydrogen Ion Equipment: 
Photovolt Corp. 

Wallace & Tiernan Inc. 


see Calcium 


Hypochlorite; 
Sedium Hy- 


Hypochlorite; 
pochlorite 


lon Exchange Materials: 
General Filter Co. 
Hungerford & Terry, Inc. 
Nalco Chemical Co. 
Permutit Co. 

Rohm & Haas Co. 


Iron, Pig: 
Woodward Iron Co. 


Iron Removal Plants: 
General Filter Co. 

Hungerford & Terry, Inc. 
Permutit Co. 

Walker Process Equipment, Inc. 


Jointing Materials: 
Johns-Manville Corp. 
Keasbey & Mattison Co. 


Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Southern Pipe Div. of U.S. Indus- 
tries 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 


Leak Detectors: 
Aqua Survey & Instrument Co. 
Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 
B-I-F Industries, Inc.—Omega 
Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Permutit Co. 

Wallace & Tiernan Inc. 


Locators, Pipe & Valve Box: 
Aqua Survey & Instrument Co. 
W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 


Magnetic Dipping Needles: 
Aqua Survey & Instrument Co. 
W. S. Darley & Co 


Meter Boxes: 
Ford Meter Box Co. 
Rockwell Mfg. Co. 


Meter Couplings and Yokes: 
Badger Meter Mfg. Co. 

Dresser Mfg. Div. 

Ford Meter Box Co. 


Gamon Meter Div., Worthington 
Corp. 
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Do you know this city? 4 


water works pumps 


maintain vital water requirements of... 


Chicago...capital of the industrial midwest. 
This vast metropolis depends on De Laval 
centrifugal pumps to help maintain its high 
standards of public service. De Laval equipment 
has been on the job in Chicago for nearly 50 
years...a remarkable record of dependability. 
Today, in fact, the great majority of American 
cities use De Laval centrifugal pumps. Their 
design and manufacture are the result of more 
than 57 years of experience. Units ranging 

up to 100 million gallons per day are available 
to meet all water works requirements. 


Write for your copies of DeLaval Bulletins 1004 and 1005 giving data on these pumps 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
Nottingham Way, Trenton 2, New Jersey 


OL4AI4A 
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Hays Mig. Co. 

Hersey- Sparling Meter Co. 
Mueller Co. 

Neptune Meter Co. 
Rockwell Miz. Co. 
Smith-Blair, Inc. 


Meter Keading and Record 
Books: 
Badger Meter Mfg. Co. 


Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey-Sparling Meter Co. 

Neptune Meter Co. 

Rockwell Mfg. Co. 

Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Gamon Meter Div., 
Corp 

‘Sparling Meter Co. 

Neptune Meter Co. 

Rockwell Mfg. Co. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Hersey-Sparling Meter Co. 

Simplex Valve & Meter Co. 


Industrial, Commer- 


Worthington 


Meters, 
cial: 

Badger Meter Mfg. Co. 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Buffalo Meter Co. 

Fischer & Porter Co. 

Gamon Meter Div., Worthington 
Corp 

Hersey-Sparling Meter Co. 

Neptune Meter Co. 

Rockwell Mfg. Co. 

Simplex Valve & Meter Co. 


Mixing Equipment: 
General Filter Co. 
F. B. Leopold Co. 


Motors, Electric: 

Allis-Chalmers Mfg. Co. 

Worthington Corp. 

Paints: 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 


Pipe, Asbestos-Cement: 
Atlas Asbestos Co, Ltd. 
Manville Corp. 

easbey & Mattison Co. 
Pipe, Brass: 
Anaconda American Brass Co. 
Pipe, Cast Iron (and Fittings): 
Alabama Pipe Co. 
American Cast Iron Pipe Co. 
James B. Clow & Sons 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 
Pipe, Cement Lined: 
American Cast Iron Pipe Co 
James B. Clow & Sons 
Southern Pipe Div. of U.S. Indus- 


tries 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Pipe, Concrete: 

American Pipe & Construction Co. 
Lock Joint Pipe Co. 

Pipe, Copper: 

Anaconda American Brass Co. 


ADVERTISERS’ PRODUCTS 


Pipe, Plastic: 

Keasby & Mattison Co. 

Orangeburg Mfg. Co., Div. of The 
Flintkote Co, 

Pipe, Steel: 

— Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 
Southern Pipe Div. of U.S. Indus- 
tries 


Pipe Cleaning Services: 

Ace Pipe Cleaning, Inc. 
Centriline Corp. 

National Power Rodding Corp. 
National Water Main Cleaning Co. 
Robinson, Pipe Cleaning Co. 


Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Pipe Linings, Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Southern Pipe Div. of U.S. Indus- 
tries 


Pipe Cutters: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Pilot Mfg. Co. 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Wachs, E. H., Co. 

Wheeler Mfg. Corp. 

Pipe Jointing Materials; see 
Jointing Materials 

Pipe L tors; see L tors, 
Pipe 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 


Potassium Permanganate: 
Carus Chemical Co. 

Pressure 
Allis-Chalmers Mfg. C 
Golden-Anderson Valve ‘Specialty Co. 
Mueller Co. 

Ross Valve Mfg. Co. 

Pumps, Boiler Feed: 

DeLaval Steam Turbine 


Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 
C. H. Wheeler Mfg. Cc. 
Pumps, Chemical Feed: 
B-I-F Industries, Inc.—Proportion- 

eers 
Fischer & Porter Co. 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
Layne & Bowler, Inc. 
Peerless Pump Div. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 
Wallace & Tiernan Inc. 
Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Peerless Ry: 

fg. C 


Ross Valve 

Pumps, 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 
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Pumps, Sump: 

DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 


Pumps, Turbine: 
Layne & Bowler, Inc. 
Peerless Pump Div. 


Recorders, Gas Density, CO;, 
ete.: 

Fischer & Porter Co 

Permutit Co. 

Wallace & Tiernan Inc. 


Recording Instruments: 
Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 
Fischer & Porter Co. 
Hersey-Sparling Meter Co. 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Reservoirs, Steel: 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. 
Pittsburgh-Des Moines Steel Co. 


Sand Expansion Gages; see 
Gages 


Sleeves: see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 


Sludge Blanket Equipment: 
General Filter 

Infilco Inc. 

Met-Pro, Inc. 

Permutit Co. 


Sodium Aluminate: 
Nalco Chemical Co. 


Sodium Chloride: 
International Salt Co. 


Sodium Fluoride: 

American Agricultural Chemical Co. 

General Chemical Div., Allied 
Chemical Corp 


Sodium H 
Calgon Co. 


Sodium Hypochlorite: 
Wallace & Tiernan Inc. 


Sodium Silicate: 

General Chemical Div., 
Chemical Corp. 

Philadelphia Quartz Co. 


Sodium Silicofiuoride: 

American Agricultural Chemical Co. 

General Chemical Div., Allied 
Chemical Corp. 

Tennessee Corp. 


Softeners: 

Dorr-Oliver Inc. 

General Filter Co. 

Hungerford & Terry, Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon Co. 

General Filter Co. 

International Salt Co. 

Nalco Chemical Co. 

Permutit Co. 

Tennessee Corp. 


Standpipes, Steel: 
Bethlehem Steel Co 
Chicago Bridge 3 pen Co. 
Graver Tank & M 
Pittsburgh-Des Moles Steel Co. 
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ELECTRICAL Control 


CUSHIONED 
(-A SOLENOID OPERATED 
VALVE 


Where remote control valve operation is desired, specify and 
use the G-A Cushioned Solenoid Operated Valve that auto- 
matically opens or closes on any type of electrical impulse. 
The operating sequence—whether on open or closed circuit— 
can be made to suit your requirements. Sizes 2”’ to 36” 


1221 RIOGE AVENUE, PITTSBURGH 33, PA. 
Designers and Manufacturers of VALVES FOR AUTOMATION 


P&R 97 
\ 
Bulletin W-7A has the complete story. 
| NDERSON 
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Steel Plate Construction: 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Pittsburgh-Des Moines Steel Co. 


Stops, Curb and Corporation: 
Ford Meter Box Co. 
Hays Mfg. Co. 


Co. 
Permutit Co. 
Swimming Pool Sterilization: 


Wallace & Tiernan Inc. 


Tank Painting and Repair: 
Koppers Co., Inc 
National Tank Corp. 


Tanks, Prestressed Concrete: 
Preload Co., Inc. 


Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron oe 
Graver Tank & Mfg. 
Pittsburgh-Des Moines Steel Co. 


Tapping-Drilling Machines: 
Mfg. Co. 


Mueller Co. 


Taste and Odor Removal: 
B-I-F Industries, Inc.—Builders 
B-I-F Industries, Inc.—Proportion- 


General Filter Co. 

Industrial Chemical Sales Div. 
Met-Pro, Inc. Dresser Mfg 
Kennedy Valve Mfg. 
M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Permutit Co. 
Wallace & Tiernan Inc. 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 


Turbines, Steam: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 


B-I-F Industries, Inc.—Builders 
B-I-F Industries, Inc.—Omega 
B-I-F Industries, Inc.—Proportion- 
Fischer & Porter Co. 


Mueller Co. 

Rockwell Co. 

A. P. Smith Mfg F. B. 
Trinity Valley Iron & Steel Co. 

R. D. Wood Co. Mueller Co. 
Valve-Inserting Machines: 

Mueller Co. 


P. Smith Mfg. Co. R. D 


Valve-Operating Units: 
B-I-F Industries, Inc. 

Wachs, E. H., Co. 
Wheeler C. H. Mfg. Co. 


Valves, Altitude: 
ee Mfg. Co., Hydraulic 


Mueller Co. Valve Co. 
Storage Tanks: see Tanks Inc. 


Strainers, Suction: 
James B. Clow & Sons 
Wood Co. Allis Chalmers Mig Co. 
Surface Wash Equipment: Div. 
Golden-Anderson Valve Specialty B-I-F Industries, Inc.—Builders 
James B. Clow & 
DeZurik Co: 
Kennedy V; 
M & H Valve & Fittings Co. 


Baldwin-Lima-Hamil- 


Ross Valve Mfg. Co., 


Mueller Co. 
Pelton Div., 


ton 
Rockwell Mfg. Co. 
R. D. Wood Co. 


Valves, Electrical! 
Allis-Chalmers Mfg. 
Div. 
B-I-F Industries, Inc.—Builders 
James B. Clow & So 
Darling Valve & Mfg. Co. 
Golden-Anderson V sles Specialty Co. 
Kennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 
— 
Mueller Co. ockwell Mfg. 
A. P. Smith Mfg. Co. A. P. Smith 
Tapping Machines, Corp.: 


Mig. Co. James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Rockwell Mig. Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Float: 


Valves, Gate: 
James B. Clow & Sons 
Darling Valve & Mfg. Co. 


Allis-Chalmers Mfg. Co., 
div 


B-I-F Industries, Inc.—Builders 
James B. Clow & Sons 

Volvo & Mfg. Co. 

DeZurik Corp 

Golden-Anderson Valve Co. 
Valve Mfg. Co 


pold Co. 
M& H Valve & Fittings Co. 
Rockwell Mfg. 


ADVERTISERS’ PRODUCTS 


— Butterfly, Check, Flap, 
Hose, Mud and Plug: 


Hydraulic 


Valves, Detector Check: 
Hersey-Sparling Meter Co. 


Operated: 
‘o., Hydraulic 


Hydraulically Oper- 


Hydraulic 
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Valves, Large Diameter: 

os Mfg. Co., Hydraulic 
iv. 

James B. Clow & Sees 

Darling Valve & Mfg. 

Golden-Anderson Valve Specialty Co 

Kennedy Valve ~ 

M&H & Fittings Co. 

Mueller Co. 

Rockwell 


Mfg. Co., Hydraulic 
Iv 

DeZurik Corp. 

Valve Specialty Co. 
Mueller Co. 

Rockwell Mf 

Ross Valve 


Valves, Swing Check: 

James B. Clow & a 

Darling Valve & Mfg. 
Golden-Anderson Valve Co 
M & H Valve & Fittings Co. 
Mueller Co. 

Rockwell Mfg. Co. 

A. P. Smith Mfg. Co. 

RK. D. Wood Co. 


Venturi Tubes: 

B-I-F Industries, Inc.—Builders 
Rockwell Mfg. Co. 

Simplex Valve & Meter Co. 


Waterproofing: 

Inertel Co., Inc. 

Koppers Co., Inc. 

North American Mogul Products 
Co. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 


Water Softening Plants; see 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc. 


Water Testing Appsratus: 
LaMotte Chem. Products Co. 
Wallace & Tiernan Inc. 


Water Treatment Plants: 
Chain Belt Co. 

Chicago Bridge & Iron Co. 
Dorr-Oliver Inc. 

General Filter Co. 

Hungerford & Terry, Inc. 
Infilco Inc. 

Met-Pro, Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 
Walker Process Equipment, Inc. 
Wallace & Tiernan Inc. 


Well Drilling Contractors: 
Layne & Bowler, Inc. 


Well Reconditioning and 
Formation Testing: 

Halliburton Co. 

Layne & Bowler, Inc. 


Wrenches, Ratchet: 
Dresser Mfg. Div. 


Zeolite: see lon Exchange 
Materials 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1961 AWWA Directory. 
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RESTORE WATER & SEWER PIPES 
TO NEAR FULL CAPACITY 
WITH ROBINSON’S EXPERT SERVICE. 
LARGE OR SMALL, 

WE DO THEM ALL! 


GO THE 


Robinson Route 
PIPE CLEANING co. 


West Pike Street Extension, 
P. O. Box 300, Sapeeebors, Pa. 


CALL... COLLECT 


mae PITTSBURGH, PA. TE. 5-5170 
os CANONSBURG, PA. SH. 5-5200 
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ON WATER METER 
INSTALLATIONS 
WITH THE 


FORD LINESETTER 


The Ford Linesetter is as easy to instail 

as a new pipe union in all types of 

shallow meter settings, with all kinds of 
meter boxes. 


@® Service line connections and settings 
Section view of tube are compact, and the valve is easy to reach. 
end assembly showing 
double-purpose connec- @ Costs for labor and maintenance 
tion for iron or copper. 

go down. 


@ Ford set meters are easier to read, 
easier to change, stay cleaner, thus 
receiving better care and earning more 
revenue over a longer lifetime. 


Type VEA Linesetter 45° 
angle inlet for copper. 


Double P li 
amet Send for free Ford catalog No.62 


Manufactured by 


THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 


FOR BETTER WATER SERVICES 
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ORR-OLIVER 


advantages in new Woonsocket, R.I. 


Utilizing major units of Dorr-Oliver 
equipment, the new water treatment 
plant at Woonsocket, R. I., provides for 
handling an average of 11.25 MGD 
with a maximum of 16.9 MGD. Selec- 
tion of Dorr-Oliver equipment enables 
Woonsocket to achieve economies im- 
possible with conventional methods and 
types of equipment. 

Plant flow sheet utilizes 3 Dorrco 
PeriFilters, each 87’ in diameter and 
25’ deep. The heart of each PeriFilter 
is a Dorrco Clariflocculator® 70’ dia. x 
24’ SWD where flocculation and sedi- 
mentation are carried out. 


water treatment plant 


Consulting Engineers: Metcalf & Eddy, Boston, Mass. 
General Contractor: 


R. Zoppo inc., Norwood, Mass. 


The settled water passes over the 
common wall separating the Dorrco® 
Clariflocculator and the peripheral fil- 
ter. The common wall acting as a sub- 
merged weir allows the settled water to 
pass to the filter at extremely low veloc- 
ities, preventing any possible floc carry 
over from breaking up prior to filtra- 
tion. After filtration, water is stored in 
clear wells. Overall operation is simpli- 
fied by compactness of plant layout. 
For information on other advantages 
of the Dorr-Oliver PeriFilter system, 
write Dorr-Oliver Incorporated, Stam- 
ford, Connecticut. 


DORR-OLIVER 


WORLD-WIDE RESEARCH ¢ ENGINEERING ¢ EQUIPMENT 
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An engineer from Arizona reports: 


“Transite is a sound 
pipeline investment 
now and for 
the future.” 


A. H. Beard, Jr. 
Consulting Engineer 
Tucson and Phoenix, Ariz. 


“When considering a pipe 

material for water and 

sewage projects, ‘value’ 

analysis plays an impor- 

tant part in our choice. 

One of the main ques- 

| tions is whether the pipe 

will pevterws reliably now and in the future 
with cost advantages to the client. 

“Experience has shown that Johns-Manville 
Transite® Pipe offers the value we seek. It 
has proved reliable and at very favorable 
costs. In addition to savings in handling and 
installing, Transite’s unique Ring-Tite® 
joints assure that leakage tests will not up- 
set job costs. In numerous tests, Transite 
lines have regularly been under the ‘allow- 
able’ specification. 

“Installations as old as Transite itself show 
this pipe outstanding under flexure, crush 
and hydrostatic conditions. Lengths of Tran- 
site excavated here in Arizona for tests 
showed no signs of internal corrosion after 
20 years of dependable service.” 

For full details, write to Johns-Manville, 
Box 362,JA-11, N. Y. 16, N. Y. In Canada: 
Port Credit, Ontario. Cable: Johnmanvil. 


JOHNS-MANVILLE 
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